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Contributions from the Cryptogamic Laboratory of Har- 
vard University. XVIII. 
On the Myxobacteriacez, a new order of Schizomycetes. 
ROLAND THAXTER. 
(WITH PLATES XXII-XXV.) 

A few years since, while collecting fungi at Kittery and 
in several other localities in New England and the south- 
ern states, the writer's attention was attracted by a bright 
orange-colored growth occurring upon decaying wood, fungi 
and similar substances, which, although in gross appearance 
it seemed somewhat highly organized, was found, when ex- 
amined in a presumably mature condition, to consist of ap- 
parently amorphous material, without signs of hyphz or 
spores of any kind. Its general appearance and the char- 
acter of the substance which composed it suggested an im- 
mature condition of some myxomycete which had become 
dried while in the act of rising from the substratum to form 
its fructification, and on this supposition the material was 
laid aside until attention was again drawn to it by the occur- 
rence on tree lichens in New Haven, of a closely related 
organism, which, when artificially cultivated, yielded imma- 
ture conditions that rendered its true nature apparent. In 
addition to the two forms just mentioned, the writer has, 
during the past year, been fortunate in obtaining and culti- 
vating several others having a similar life history, and it is 
upon these observations that the present paper is based. 

This life history, which in several cases has been ascer- 
tained by the direct observation of pure cultures made upon 
sterilized media, is so peculiar, and corresponds so closely, 
despite the considerable differences which distinguish the 
more simple from the more highly differentiated forms, and 
is altogether so unique in the group of Schizomycetes, to 
which they should undoubtedly be referred, that their separ- 
Vol. XVII.—No. 12. 
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ation as a distinct order seems unavoidable. To the mem- 
bers of this order the writer proposes to give the name 
MYXOBACTERIACE, for reasons which will become apparent 
if we consider for a moment the more important stages in 
their development. 

[t should first be noted that the life history of these organ- 
isms shows a distinct and more or less regular division into 
two periods; a period of vegetation and, under favorable 
conditions, a period of fructification or pseudo-fructification : 
but while the first period is essentially similar in all the forms 
observed, the second presents remarkable variations. 

In the first instance a swarm or collection of rod-like 
bodies, derived from the successive division by fission of one 
or more primary individuals, always distinct from one an- 
other, possessing a power of slow locomotion and secreting 
as they multiply a firm gelatinous base which connects the 
colony as a whole, constitutes the vegetative condition of the 
organism. This vegetative state continues for a variable but 
distinct period of time, and in the different forms is charac- 
terized by slight variations in the grouping of the individuals 
composing it. In some cases these may be collected in radi- 
ating strands or concentric ridges, or again may be distrib- 
uted evenly throughout the colony, which in all cases. when 
growing on a solid medium, possesses a clearly defined ad- 
vancing edge or border, produced by a heaping up of active 
individuals in this position. The colony continues to extend 
itself in this fashion while the conditions remain favorable for 
its growth; but in the meantime the individuals within this 
advancing border, having increased rapidly by fission for a cer- 
tain period, begin to swarm together at different points, often 
with a characteristic circular tendency in their motion. This 
piling up of individuals at definite points marks the begin- 
ning of the second period just mentioned, which has for its 
object the production of a resting state. 

In the simpler forms, these masses, having raised them- 
selves above the substratum in the form of papillate projec- 
tions, become rounded off and may be directly encysted 
without further differentiation. A gelatinous envelope be- 
comes hardened about them to form a protecting wall, within 
which the encysted individuals are capable of withstanding 
unfavorable conditions for a protracted period. 

From such a simple type as that just described the forms 


1892. ] A New Order of Schizomycetes. 391 


examined show various degrees of complexity, which reaches 
its maximum in a most remarkable organism, apparently 
identical with the supposed fungus described by Berkeley 
and Curtis under the name of Chondromyces crocatus. In 
this instance we have, following a period of purely vegetative 
activity, the same swarming together of individuals at differ- 
ent points in the colony; but the masses thus formed, in- 
stead of rounding themselves and becoming directly encysted, 
as in the previous instance, continue to rise vertically from 
the substratum into the air. The base of the rising mass be- 
comes constricted; the constricted portion is gradually mod- 
ified into a slender supporting stalk, formed partly of individ- 
uals left behind and partly from a gelatinous substance 
secreted by the mass as it rises. We have then a mass of 
individuals rising vertically on a slender stalk secreted from 
its base. This stalk may remain quite simple, or through 
the division of the mass into two or more lobes, may become 
successively several times branched, each lobe rising as a 
distinct mass on a secondary stalk of its own. Finally a con- 
dition is reached in which the stem or cystophore, as it may 
be conveniently called, is terminated by one or more rounded 
masses of very similar dimensions, in number corresponding 
to the ultimate divisions of the cystophore, and from these 
masses arise the cysts which perform the function of repro- 
ductive bodies. The cysts first appear as papillate projec- 
tions covering the surface of each ultimate mass (fig. 4, @). 
The papillae then become constricted at the base, as the rods 
composing the mass migrate into them, and assuming at first 
a fusiform shape, are finally converted in subconical cysts of 
very regular size and form. The cysts are caducous at ma- 
turity, falling from their attachment at the slightest touch, 
and are disseminated through the air like the conidia of 
many fungi, which they closely resemble. After a period of 
rest, and under favorable conditions, the rods make their 
exit simultaneously from the cyst, leaving behind an empty 
shell and enter at once upon a new vegetative period; or some- 
times, while still 72 sztu, proceed to form a secondary cyst 
(fig. 9, 6). 

Such are the extreme variations in the group, so far as 
concerns the differentiation of the cyst-producing generation. 
There appear to be, however, other important differences 
which divide the forms rather sharply in connection with the 
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modification of the individual rods at the period of encyst- 
ment. For while in one group (Myxococcus), they become 
transformed into definite spores, in the other (Chondromyces 
and Myxobacter), the rods are encysted as such with little 
apparent modification, as far as the writer has been able to 
ascertain. 

Without entering into further details of structure or devel- 
opment, which will be found below, sufficient has been said 
to make intelligible a brief comparison between the course of 
development of these plants and that of other organisms 
which may seem to possess certain characteristics in common 
with them. 

The general character and structure of the rod-like individ- 
uals, together with their vegetative multiplication by fission, 
renders their schizomycetous nature as individuals a matter 
hardly to be doubted: but, on the other hand, the question 
may fairly be asked whether the remarkable phenomena 
which they present, not as individuals, but as aggregates, 
may not indicate a possible relationship in other directions. 
In the account just given it is hardly necessary to point out 
the evident similarity between the course of development 
described and that which occurs in the Mycetozoa, and more 
particularly in the Acrasieex. In no other group, as far as 
the writer is aware, does there exist a similar concerted 
action of aggregates of individuals towards a definite end, 
namely, the production of a more or less highly differentiated 
resting state. Setting aside for the moment the fundamental 
differences presented by the cell characters in either group, 
the vegetative condition of the Acrasiew and that of the 
Myxobacteriacex may be considered strictly comparable. In 
both cases multiplication by bipartition, followed by the 
complete separation as individuals of the two parts thus 
formed is followed in turn, after a period of successive bipar- 
titions, by a swarming together of distinct individuals into 
aggregates of distinct individuals having a definite end in 
view. Apart from differences of cell structure, therefore, 
the essential characters of a pseudo-plasmodium are common 
to both groups. 


Following the analogy to later stages of development a cer- 
tain similarity may be noted between the steps which lead in 
either case from the simpler to the more complicated forms. 
In both instances a transition is observable from a mere heap- 
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ing together of individuals to form a resting state, to the pro- 
duction of a similar state, developed in a more complicated 
fashion and raised upon a highly differentiated stalk, through 
intervening forms, in which this stalk appears merely as a 
supporting base. 

The most essential discrepancy which is apparent in such 
a comparison rests on the fundamental difference in cell 
structure already referred to, since although the Acrasiew have 
taken a decided step away from the true Myxomycetes in the 
production of cells which neither coalesce nor produce pseudo- 
podia (as in the Guttulinacez), the step from such amee- 
boid cells to definite rods having all the characteristics of 
typical schizomycetous cells is, to say the least, a very long 
one. This fundamental difference necessarily involves equally 
important differences connected with the modification of in- 
dividuals, in either case, while in the resting state, even when 
a definite spore formation takes place in both instances; while 
the encystment of numerous individuals to form a spore-like 
body, in the manner above described, presents an additional 
point of deviation in this connection. 

In view of such important differences, the writer would 
hesitate to assume even a remote genetic connection between 
the two groups on a basis of resemblance which might well 
be purely accidental. Yet it is a question to which further 
investigation in this direction may afford a more definite an- 
swer, whether the evidence at hand may not show the neces- 
sity of still greater caution in accepting the views of those 
who would unceremoniously relegate the Mycetozoa to the 
domain of pure zoology: since, other matters apart, we find in 
the present order a characteristic at least very similar to that 
which has been held to constitute a crucial difference be- 
tween the Mycetozoa and any known group of A/ants, namely, 
the occurrence in their developmental history of phenomena 
closely resembling those presented by plasmodia or pseudo- 
plasmodia—not an indiscriminate heaping together of indi- 
viduals as a result of merely vegetative processes, but a 
definitely recurring aggregation of individuals capable of 
concerted action towards a definite end, an end which finds 
its accomplishment in the production of a more or less highly 
developed resting state. 

Whatever its true affinities may prove to be, however, the 
order is undeniably a very interesting and important one, 
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and although the present account is necessarily incomplete, 
it may serve to call attention to a subject which, beyond 
question, offers a productive field for further investigation. 

Historically the story of the group is not a long one, yet is 
instructive in showing the absurdities to which the careless 
and wholesale description of new species may lead. Chond- 
romyces aurantiacus, for example, has, if the writer’s conclu- 
sions are correct, been placed in three separate genera of 
hyphomycetous fungi, although possessing no trace of hyphe 
or of spores, the slight striation of the shrunken cystophore 
in the one case and the general external appearance of the 
cysts or of their contents in the other, having been made to 
assume these functions for descriptive purposes. The same is 
also true to a less degree of C. crocatus, although from its 
apparent rarity it seems to have escaped an extended syn- 
onymy. Whether any of the other forms enumerated below 
have been previously described the writer is unable to say; 
yet it seems very improbable that the spores of such com- 
mon and conspicuous forms as Myxoecoccus rubescens and M. 
virescens should have escaped description, at least as chromo- 
genous micrococci. The species of Cystobacter Schréter seem 
with little doubt to belong to the present family, and should 
probably be referred to Chondromyces, possibly C. aurantiacus, 
which in artificial cultivation produces a variety of abnormal 
forms and becomes ‘‘kastanien braun” when kept moist for 
a certain period. The descriptions of Schréter, however, are 
not sufficient to render any definite conclusion possible in the 
absence of proper figures. 


MY XOBACTERIACEE. 
Motile, rod-like organisms, multiplying by fission, secreting 
a gelatinous base, and forming pseudoplasmodium-like aggre- 
gations before passing into a more or less highly developed 
cyst-producing resting state, in which the rods may become 
encysted in groups without modification or may be converted 
into spore masses. 


GENERAL CHARACTERS.— The vegative rods present but 
slight variations in size and form in the different genera 
all cases they are typically elongate, some- 
times attaining a length of 15 and, while living, 
show a tendency to taper slightly towards either extremity 
which disappears when they are killed, the ends becoming 
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bluntly rounded. The cell wall is highly elastic and sur- 
rounded by a barely perceptible gelatinous layer, while the 
cell contents may usually be seen to contain distinct granular 
masses (fig. 27, @) of irregular size and shape which’ stain 
more deeply than the remainder of the cell. Cell division fol- 
lows an elongation and nearly median constriction of the rods 
which, except at the moment of division, are always separate, 
never united in chains. A slow, though distinctly visible 
movement characterizes the active rods and consists in a slid- 
ing locomotion in conjunction with a lateral bending. This 
lateral movement, which may take place in any plane, may 
be carried to such an extreme that the rod may form a loop 
with its ends approximated, after which the normal straight 
position may be assumed with considerable rapidity. This 
bending movement isdoubtless an important factor in the slid- 
ing locomotion which though barely perceptible, can be defi- 
nitely ascertained by careful watching. 

The grouping of rods in a colony may vary somewhat in 
different species and under different conditions. In Chondro- 
myces aurantiacus, for example, they may,when growing in a 
semi-liquid medium, show a tendency to radiate from a com- 
mon center in rope-like, anastomosing strands, while on a 
solid medium these strands may form ridges, the alternate 
elevations and depressions in which may give the colony a 
characteristic corrugated appearance. In other cases, as for 
example in Myxococcus, the rods may show less tendency to 
collect together, remaining more or less evenly distributed 
until just before the period of spore formation. In all cases 
the individuals of a colony are heaped together in the region 
of its advancing margin which is distinctly elevated above its 
surroundings, and characteristically roughened by great num- 
bers of partly free individuals projecting from its surface. In 
all species, with one exception, the rodswhen seen in masses, 
are more or less distinctly reddish. This color may, however, 
be lost as the mass rises to form cysts, as is the case in C. 
crocatus as well as in Myxobacter aureus. 

A distinct, firm, hyaline, gelatinous base is secreted by the 
colony as it extends itself, over which the individuals may 
move or in which they may become imbedded, and is so 
coherent a structure that whole colonies may be stripped 
intact by means of it, from the surface of nutrient agar, for 
example. At the period of cyst formation it is often left 
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behind as a distinct shining membrane in whicha few rods 
remain here and there imbedded. 

The duration of the vegetative period varies according to cir- 
cumstances. In artificial cultures it usually lasts about a 
week or even two weeks; but in nature the production of cysts 
must certainly be more rapid. In Chondromyces lichenicolus, 
for example, a period of moist weather following continued 
drought, and lasting not more than two or three days is suf- 
ficient to cover the previously dry tree trunks on which it 
vegetates with large patches of cysts. 

The preparations for the production of cysts are apparent 
to the naked eye in artificial cultures of C. crocatus, for exam- 
ple, about a day before the cystophores begin to rise. In this 
condition the colony even in the neighborhood of its advanc- 
ing edge, assumes a lumpy appearance owing to the aggrega- 
tion of rods at various points. In forms like Myxococcus, in 
which the rods are somewhat scattered, the first preparation 
for spore production as seen under the microscope consists in 
the appearance of groups of rods moving with a circular ten- 
dency and forming whirlpools, so to speak, in which the more 
central individuals soon become converted into spores, the 
successive formation of which results in the production of the 
elevated spore masses characteristic of the various forms. 

The formation of a cystophore where it occurs results from 
the basal constriction of a papillate mass of rods which. pro- 
jects from the surface of the colony. The mass of rods mov- 
ing upwards on one another, continually leaves behind and 
below it an external layer at its base which has become 
slightly hardened by exposure to the air and is composed 
partly of the gelatinous matrix, partly of individuals which 
soon become indistinguishablein it. As the mass rises within 
and above this slightly hardened layer, the latter, while being 
constantly renewed above, becomes contracted below to form 
the cystophore. The cystophore may therefore be compared 
during its formation, to a glass funnel, the flaring portion of 
which is being constantly renewed from the outer surface of 
the mass of rods contained within and rising above it, while 
the tubular portion is being constantly lengthened by the con- 
traction of the flaring portion at its base. As the freely 
moving individuals pass up out of the upper portion of this 
tube it is left behind as a gelatinous structure which becomes 
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indurated and solid, its strength being often further increased 
in slender forms by a decided spiral twist. 

This primarily tubular character of the cystophore is well 
shown in specimens of C. aurantiacus when cultivated with 
very moist surroundings. In such cases even after the cysto- 
phore has attained its full height a central clearly differen- 
tiated column of active individuals may be seen moving up to 
the cysts which are in process of formation at its summit (fig. 
13). In its development the cystophore shows all degrees of 
complexity from the short supporting base (which may be 
wholly absent) of C. “chenicolus, to the elongate form in C. cro- 
catus which may produce branches of the fifth or even sixth 
order. 

In considering the encysted condition of these organisms, 
two distinct categories are recognizable in connection with 
this state, one in which the individuals thus encysted show 
little or no modification from the rod-like vegetative state, the 
other in which they are converted into definite spores. 

In the first instance the form of the cyst varies considerably 
presenting in the genus Chondromyces the series illustrated by 
C. serpens, C. lichentcolus, C. aurantiacus and C. crocatus 
(figs. 24, 23, 22, 15, 14 and 6) and may be further modified 
by a more or less complete fusion of adjacent cysts originally 
distinct (figs. 24, 23, 16). This fusion may result in the anas- 
tomosing coil characteristic of C. serpens or may consist in a 
mere lateral adherence of two neighboring cysts as in C. cro- 
catus. The degree of encystment also shows considerable var- 
iation in the series just mentioned and reaches its highest 
development in C. crecatus in which the distinction between 
cyst wall and cyst contents is clearly marked. The cysts of 
Myxobacter present an additional peculiarity in that the very 
large thick walled cysts are themselves involved in a gelatin- 
ous matrix which dries in the form of a tough general 
envelope. 

The substance of these cysts, composed partly of rods and 
partly of a firm and surprisingly coherent matrix, appears at 
maturity even when examined under a high power of the 
microscope, to be composed of stringy amorphous matter which 
is separated by crushing with the greatest difficulty. It is 
only by the closest examination and the use of staining agents 
that the presence of any definite bodies whatever within such 
cysts can be made out. Here and there the closely adhering 
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rods may be separated and isolated by crushing; and in this 
condition they show little modification from the vegetative 
state except that they are somewhat shorter and thicker. In 
a few cases rods have been observed within the cysts in 
stained preparations in which an apparent differentiation of 
the rod contents was observable. Whether this appearance 
was due to the presence of spores or merely indicated an acci- 
dental aggregation of the granular cell contents was not deter- 
mined. 

For a short time after the cysts are mature and also before 
they germinate after a period of rest, the contained rods are 
clearly defined and do not adhere closely to ene another. The 
contents of such a cyst when crushed makes its exit asa mass 
of distinct rods somewhat shorter and thicker than the vege- 
tative forms. 

In ‘‘germination’’ the cysts emit their contents in a contin- 
uous stream which finally leaves the cyst wall as an empty 
shell, the emission being effected through the absorption of a 
portion of the cyst wall, usually at the base in the spore-like 
forms, sometimes at the apex or elsewhere. The mass of rods 
thus freed begins at once to vegetate, the individuals dividing 
rapidly and entering upon a new period of activity. Excep- 
tions to this course are often found in old cultures of C. croca- 
tus where cysts that have germinated 7” sztu at the tips of 
the cystophores may frequently be seen producing secondary 
cysts directly, which are borne on short, slender secondary 
cystophores (fig. 9), a circumstance which still further illus- 
trates the remarkable though superficial resemblances which 
exist between these forms and higher fungi. 

In the sporiferous species, which have been included in the 
single genus Myxococcus, there may be a general encystment 
of the spore mass into a definitely formed coherent structure, 
as in MV/. corallotdes, or this structure may normally become 
soft and semi-fluid through the deliquescence of the gelatinous 
matrix in which the spores are imbedded, as in A/. rudbescens 
and M. vrrescens. The spores are more or less irregularly 
spherical refractive bodies, the diameter of which is much 
greater than that of the rods from which they are derived, the 
difference being most remarkable in M7. rudescens and M. vir- 
escens. The method by which the spores are derived from 
these rods has not been ascertained by continuous observa- 
tion, since sporulation only takes place at the period when 
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the rods swarm together for this purpose and then only in the 
central region below the rising mass of spores which, together 
with the aggregation of rods around it, completely conceals 
the details of transformation when viewed directly under the 
microscope. By crushing such masses, however, the steps 
by which the spore-production is effected may be inferred 
from the occurrence, here and there in the swarm of unmodi- 
fied rods and spores thus separated, of forms similar to those 
represented in fig. 40. Such forms would indicate that the 
rod, by division following simultaneous or successive enlarge- 
ment throughout its whole length, is directly converted into 
spores varying in number according to the length of the rod; 
and in the absence of any indication of a different process this 
may be assumed to be correct. This conclusion is further 
supported by the very frequent occurrence in such prepara- 
tions of chains of spores adhering in twos, threes or even 
fives (fig. 41). 

The germination of these spores has not been observed to 
the writer’s satisfaction; but appears to consist in a gradual 
transformation from the round tothe rod-like form. Whether 
an external membrane is left behind in this process could not 
be determined. 


The nine species which constitute the family so far as at pres- 
ent known, may be arranged under three genera, as follows:' 

CHONDROMYCES B. & C. (1857), in Berk. Introd. Crypt. 
Bot., p. 313, fig. 70, a(no descr.) 1857. do. in Grevillea 111. 
p. 64 (first descr.) 1874. 

Stigmatella: B. & C. in Berk. Introd. Crypt. Bot., p. 313, fig. 70, b (no descr.) 
1857. do. in Grevillea 11, p. 97 (first descr.) 
? Polycephalum: Kalch. & Cke. in Grevillea rx, p. 22, 1880. 
? Cystobacter: Schroeter in Kryptogamen-fl. v. Schlesien 11, I, p. 170. 


1 Note.—In considering these forms from a systematic point of view the 
writer has preferred to avoid the multiplication of genera and species; since the 
true value of generic and specific distinctions in a group so little known in 
these respects, is a matter which can only be settled satisfactorily by a wider 
knowledge of the remaining forms, which undoubtedly exist. For this reason 
it has not been thought advisable to separate generically members of the series 
included under Chondromyces, the connection between the extreme forms 
(C. crocatus and C. serpens) being so well illustrated by the remaining species. 
Again, the deliquescent guttulae which constitute the spore masses of J/y.vo- 
coccus rubescens and M. virescens and the definitely coherent structure found in 
M. coralloides are very different in character, yet in the absence of further data 
as to species a generic discrimination of these forms seems inadvisable. The 
writer recognizes the fact, however, that further information may modify the ar- 
rangement adopted not only in regard to genera and species, but also in connec- 
tion with the division of the groups as a whole, which might properly be divided 
into two definite sub-families based upon the peculiarities of the resting condition. 
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Rods forming free cysts, in which they remain unmodified. 
Cysts various, sessile or borne on a more or less highly devel- 
oped cystophore. 

CHONDROMYCES CROCATUS B. & C. Plates XXII, XXIII, 
figs. I-II. 

Chondromyces crocatus: B. & C. in Berk. Introd. Crypt. Bot. p. 313, fig. 70,a 
(no descr.) Berkeley in Grevillea, 111, p. 64 (descr.) Cooke in Bull. Buff. Soc 
Nat. Sci. 11, p. 192. Saccardo, Sylloge Fungorum tv, p. 576. 

Aspergillus crocatus: B. & C. in herb. Curtis, and herb. Berkeley (sec. Farlow) 

Colonies pale orange red. Rods cylindrical or tapering 
slightly straight or slightly curved, 2.5-6x Cysto- 
phore orange colored, slender, simple or I—5 times success- 
ively branched, striate, spirally twisted or irregularly bent; 
average height 6004, rarely 1 mm. Cysts pale straw colored, 
at first fusiform, at maturity sub-conical, rounded at the apex, 
often ragged at the base. Average dimensions 28x 12yu 
(15-45 X 6-20), in variable numbers at the tips of the cysto- 
phore where they form globose heads, 70-90 in diameter. 

South Carolina, Ravenel, in herb. Curtis and herb. Berkeley, 
on decaying melon rind. ‘Cambridge Mass., on old straw. 

The specimens of this plant in the Curtis collection corres- 
pond in all respects with the Cambridge material which made 
its appearance on some old straw sent from Ceylon, and has 
been kept in cultivation in the laboratory, growing readily on 
nutrient agar and luxuriantly on sterilized horse dung. <Ac- 
cording as the substratum is moist or dry the general habit 
may vary considerably, excessive moisture often producing 
considerable irregularity in the form and number of the cysts 
as well as in the cystophore, which is thicker under these 
conditions, more irregularly branched and without the spiral 
or longitudinal striations (due to wrinkles of the surface) usu- 
ally characteristic of the slender forms. 

Cultures of the cysts in Van Tieghem cells have yielded 
few germinations after several months, but it may be readily 
observed by placing in a moist chamber a specimen which has 
been kept dry. By examining such a specimen after one or 
two days the germinating cysts may be seen in all conditions. 
At first the contents becomes slightly contracted within the 
cyst-wall and in it the separate rods may be distinctly seen; 
then through the absorption of the wall usually at its base, 
the rods are allowed to make their escape in a continuous 
stream till nothing but the empty cyst-wall is left behind. 

The mature cysts show none of the reddish coloring pecu- 
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liar to the other species, and as in Myxobacter aureus this 
seems to be lost as the rod-masses rise to produce cysts. 
Although so conspicuous a form, this species does not appear 
to have been recorded since its discovery by Ravenel, Cooke 
and Saccardo merely quoting Berkeley’s publication in the ref- 
erences above cited. As a matter of curiosity Berkeley’s 
description is appended. 

‘*Chondromyces B. & C. Stipes e floccis compactus 
ramosus induratus, spore apicales.—600. Choudromyces cro- 
catus B. & C. On decayed melons. Car. Inf. no. 1335. Stem 
closely compacted, orange, subcartilaginous, branched, the 
branches more or less divaricate, nodular at the apex; spores 
elongate-ovate with a very short pedicel.” Grev., / ¢. 

CHONDROMYCES AURANTIACUS (B. & C.)—Plates XXIII, 
XXIV, figs. 12-19 and 25-28. 

Stigmatella aurantiaca: B. & C., in Berk. Intr. Crypt. Bot., p. 313, fig. 70, b 
do. Grevillea, vol. 11, p. 97. Cooke, Bull. Buff. Soc. Nat. Sci.. vol. 111, p. 193 
Curtis’ Cat., p. 126. Saccardo Sylloge Fung., rv, p. 680. 

? Polyeephalum aurantiacum: Kalchbr. & Cke. Grevillea tx, p. 23, pl. 135, 
fig. 10, a, b, c. (1880). Saccardo Sylloge Fung. tv, p. 576 

? Stidhum rhytidospora.: Berk. & Broome, on the Fungi of Ceylon, Jour. Linn. 
Soc. (Botany) xiv, p. 96, plate tv, fig. 16 (1873). Sacc. Sylloge iv, p. 57! 

Colonies flesh colored, distinctly reddish. Rods large, ta- 
pering somewhat, normally straight, rounded at either ex- 
tremity average 7xX.5m@. Cystophore hyaline 
or flesh-colored, stout, straight, simple or rarely furcate. Av- 
erage height 200%. Cysts at first stalked, then sessile, oval 
to elliptical or rounded in outline, often irregular in size and 
shape, bright orange colored when dry, becoming chestnut 
brown when kept moist for a considerable period, borne in 
variable numbers and forming globose heads at the extremity 
of the cystophore. Cysts about 30—-50x 30-75. 

S. Carolina, on Spheria Hibisci (herb. Curtis). N. Caro- 
lina, Connecticut to Maine, on decaying wood and fungi. 

With the exception of Wyxococcus rubescens this is the com- 
monest member of the group and must have been met with 
by any one who has sought for Myxomycetes on decaying 
wood, where though very minute it is conspicuous from its bright 
color. Although easily cultivated on nutrient agar, unlike 
C. crocatus it rarcly produces well formed cystophores and 
cysts on this medium, though cultivable on its ordinary 
substrata without difficulty. 

In giving its synonymy, Polycephalum aurantiacum K. & Ck. 
as well as Stz/bum rhytidospora B. & Br. have been included 
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with a query. The description and figures given in either 
case leave little doubt of the correctness of this reference, 
but a comparison of authentic specimens has not been made. 
Whether one or both of the forms described by Schroeter 
under Cystobacter may not prove abnormal conditions of this 
species is also uncertain; but on very moist media it shows 
conditions closely resembling his descriptions, and becomes 
chestnut brown after continued exposure to moisture, thus 
presenting an additional point of resemblance. Even in its 
natural substratum cyst formation is subject to great irregu- 
larities, especially if the rising rod masses become slightly dry 
during the process. In such cases the latter may heap them- 
selves together in irregular cyst masses lying directly upon 
the substratum with little or no differentiation of a cysto- 
phore. 

The genus Stigmatella, which was founded upon this spe- 
cies, is made by Saccardo to include two species, S. aurantia- 
ca and S. pubescens Sacce. & EIL, the latter having been 
formerly described under the name Spherocreas pubescens 
Sace. & Ell. (Michelia 11, p. 582.) Although Saccardo re- 
marks concerning this form, ‘* De identitate Spherocreatis 
cum Stigmatel/a nullum mihi est dubium,” it is difficult to 
see on what this opinion is based; the fungus in question con- 
sisting of a rounded mass of large chlamydospores borne ter- 
minally on well defined hyphz and surrounded by a woolly 
mass of somewhat differentiated hyphe. It is needless to 
remark that the two can have no connection, Sphrocreas 
being clearly a fungus allied to if not generically identical 
with forms included in the genus Exdogone. 

Chondromyces lichenicolus n. sp.—Plate XXIII, figs. 20- 
23.—Colonies reddish, rods cylindrical, tapering slightly, 
5-7 x.64. Cystophore simple, short, squarish, often absent or 
ill developed, 7-8 X lou. Cysts single, rounded or irregularly 
lobed, often confluent, bright red, 35 x 28. 

Parasitic on living lichens, which it destroys, New Haven, Ct. 

This species has not been met with in any locality other 
than the one mentioned, where it occurs abundantly on the 
trunks of the elms and maples along the city avenues, often 
covering patches several feet in length. The cysts are very 
irregular in form, often lobulated and laterally confluent, and 
their crowded habit and deep red color make them very con- 
spicuous. Owing to the shortness of the cystophore, it is seen 
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with difficulty zz s¢tu, and seems often to be wholly absent. 
Specimens kept dry in the herbarium for eighteen months 
germinate readily when sown on moist lichens, and like other 
cysts of the group would probably retain their vitality for a 
much longer period. 

Chondromyces serpens n. sp.—Plate XXIV, fig. 24.—Rods 
as in C. Zichenicolus. Cysts flesh-colored, dark red when dry, 
50u in diameter, confluent in an anastomosing coil. Cystophore 
absent. 

On decaying lichens, Cambridge, Mass. 

This species made its appearance in company with C. /¢chen- 
tcolus in a laboratory culture and was at first taken for an 
abnormal condition of that species. Cultures on agar and on 
lichens, however, constantly produced the same convoluted 
form which seems to be quite distinct and differs from all the 
remaining species of the genus in possessing no cystophore, 
the mass ‘being sessile upon its substratum, and often reach- 
ing a length of more than a millimeter. 


MYXOBACTER n. ven.— Rods forming large rounded 
cysts, one or more free within a gelatinous matrix raised 
above the substratum. 

Myxobacter aureus n. sp.—Plate XXV, figs. 34—36.—Col- 
onics when rising to form cysts milky white. Rods large, 
cylindrical, rounded at either end, 4-7 X.7—.9y. Cysts spher- 
ical or oblong, golden yellow, thick walled, one to twelve or 
more in number, distinct within a hyaline matrix, 75—350X75 
—275. The encysted rods mingled with a yellow, oily ma- 
terial. Cyst groups .7—Imm. long. 

On very wet wood and bark in swamps. Kittery Point, 
Me., Belmont, Mass. 

MYXOCOCCUS n. gen.—Rods slender, curved, swarming 
together after a vegetative period to form definite, more or 
less encysted sessile masses of coccus-like spores. 

Myxococceus rubescens n. sp.—Plate XXV, figs. 37—41.— 
Rod-masses reddish, rods slender, irregularly curved, 3—7 x .44. 
Spore masses scattered, drop-like, flesh-colored to dull orange, 
deep crimson when dry, at first coherent, becoming deliques- 
cent, 150—1Imm. in diameter, often confluent. Spores round, 
in diameter. 

On various decaying substances, lichens, paper, dung, etc. 
This species is so common and makes its appearance with 
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such constancy on laboratory cultures of horse dung that it 
seems hardly possible it should have escaped previous descrip- 
tion as a chromogenous coccus. The only form which has 
been described on this substratum to which it could possibly 
be referred is M/¢crococcus fulvus Cohn‘. This species appears 
however, to be a true Micrococcus and, judging from the spec- 
imen in Rabh. Alg. Eu. no. 2501, bears little resemblance to 
the present form. The drop-like masses are at first more or 
less coherent and may be transferred intact to a slide for ex- 
amination; but they soon become deliquescent, adjacent guttula 
coalescing into viscous masses more than a millimeter in diam- 
eter. The variation from flesh-color to orange-red forms 
may indicate an additional species, the orange type retaining 
this tint in agar cultures without varying towards the flesh- 
colored form. The morphological differences if there are any, 
are, however, too slight to warrant a specific distinction. 

Myxococcus virescens n. sp.—Rod masses greenish yellow. 
Rods as in M. rubescens. Spore masses clear yellow-green 
to green, 150-500/ indiam. Spores round, 1.8—2in diam. 

On hen’s and dog’s dung, New England. 

This species, which closely resembles the last except in color, 
is rather rarely met with on the substrata mentioned, forming 
rather smaller spore masses. When cultivated on potato 
agar it tends to lose its green color and become yellowish. 
The spores seem constantly larger than in the preceding 
species. 

Myxococcus coralloides n. sp.—Plate XXIV, figs. 29—33.— 
Rod masses pale pinkish, thin. Rods slender, curved, 4—-7 
x.4M. Spore mass firmly coherent, erect, variously branched 
or lobed, the lobes or branches usually tapering towards the 
rounded apex, flesh-colored, becoming bright pinkish when 
dry; maximum height 350, the lobes about 20-30 in diam- 
eter. Spores spherical, 1-1.24 in diam. 

On decaying lichens, Cambridge, Mass. 

This striking form made its appearance in laboratory cul- 
tures and was readily cultivated on lichens and potato agar. 
The coral-like form of the spore mass is very variable, pre- 
senting every imaginable variation from a simple papilla toa 
complicated structure similar to that represented in fig. 29. 

In addition to the species above enumerated the writer has 
observed several others, among them a very minute and peculiar 
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form occurring on rabbit’s dung, belonging to the Myxobacter 
group, and another on lichens near We ‘xococcus coralloides, 
but was unable at the time to observe any of them under cul- 
tivation. Further additions to the order are therefore cer- 
tainly to be looked for. 

Cryptogamic Laboratory of Harvard University. 


Nore.— Myxobacter simplex n. sp., for which I accidentally omitted to send 

manuscript will be characterized in the succeeding number 
EXPLANATION OF PLATES XXII-XXV 

The figures are drawn with few exceptions trom specimens mounted in glycer- 
ine. The combinations used are as follows: Figs. 1-6, 12-16, 20-21, 24, 29, 34: 
Zeiss oc. 4, obj. A. Figs. 7-10, 17-19, 22-23: Zeiss ocul. 4, obj. D. Figs. 11, 
26-28, 31-33, 35 39, 39-41: Zeiss comp. oc. 12, Leitz oil im. 7/5. Fig. 31: 
Zeiss oc. 4, Leitz oil im. 4. All figures reduced | by photo lithography 

PLaTeE XXII. 
Chondromy crocatu (B. 

Fig. 1-6 successive conditions of cyst formation shown by as many individual 
specimens. Fig. 1. a, mass of rods just rising from substratum and becoming 
constructed at its base. 4, smaller mass which has begun to secrete a cysto- 
phore and has become two-lobed preparatory to branching. Fig. 2. A more 
advanced specimen, the mass preparing to produce three branches. Figs cu 2 
Nearly mature cystophores showing branching of the third and fourth order, the 
ultimate masses beginning in som? instances (7, «) to bud out into cysts. Fig. 5 
Specimen cultivated on moist agar, the cystophore unusually stout, the ulti- 
mate masses almost wholly converted into immature cysts. Fig. 6. Specimen 
grown on straw showing normal habit; the cysts not yet mature. 

PLaTE XXIII. 
Chondromyces crocatus (B & C.) 

Fig. 7. Optical s&ction of ultimate rod mass from which the rods have for the 
most part migrated into the immature cysts. Fig. 8. Three ultimate branches of 
a cystophore, one of them with three mature cysts still 7 s?/w. Fig. 9. Tip of 
an ultimate branch of acystophore on which two cysts still 27 s/t have germin- 
ated to produce secondary cystophores and cysts (, @). Fig. 10. Five detach- 
ed mature cysts showing extremes of size under ordinary conditions. Fig 
It. Vegetative rods 

Chondromyces aurantiacus (B. & C.) 

Fig. 12. Young cysts budding from apex of cystophore. (Living material.) 
Fig. 13. A more advanced stage, acentral column of ascending rods surrounded 
by a gelatinous layer. (Living material.) Fig. 14. Three specimens from dried 
material one showing terminal rod-mass from which the cysts have not yet be- 
gun to bud. Fig. 15. Specimen from dried material showing furcate habit. 
Fig.16. Maturespecimen from dry material in which the cysts show lateral coales 
cence. Fig. 17. Three maturecysts. Fig. 18. Two cysts kept on moist wood for 
several weeks, preparing to germinate. Fig. 19. A similar cyst germinating. 

Chondromyces lichenicolus n. sp. 

Fig. 20. Mature cysts on short cystophores. Fig. 21. Rod masses rising to form 
cysts. Figs. 22-23. Mature cysts with short cystophores, showing lobulation and 
coalescence 

PLATE XXIV. 
Chondromyces serpens n. sp 
Fig 24. General habit of coalescent cysts. 
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Chondromyces aurantiacus (B. & C.) 

Fig. 25. General appearence of a portion of rod mass growing in fluid agar 
Fig. 26. Living rods from active rod-mass. a, rod dividing. Fig. 27. Vegeta- 
tive rods in glycerine (7) showing granular contents stained with borax carmin 
Fig. 28. Rods isolated in mature crushed cysts 

M, VOCOCCHS eralloide Sp. 

Fig. 29. Highly developed spore mass. Fig. 30. Spore mass of a different 
form more highly magnified. Fig. 31. Spore mass rising from rod mass at its 
base. Fig. 32. Vegetative rods. Mtg. 33. Mature spores. 2, spores in process 
of formation 

PLATE XXV 
Myxobacter aureus n. sp. 

Fig. 34. General habit showing four cysts embedded in gelatinous matrix. 
Fig. 35. Rods (living) from rising rod-mass. Fig. 36. Rods from cysts crushed 
at maturity. 

Myxococcus rubescens n. sp. 

Fig. 37. General appearance of young spore mass viewed from above and sur- 
rounded by vegetative rods. Fig. 38. Normal habit of spore mass viewed later- 
ally. Deliquescence beginning at the top. Fig 39. Vegetative rods. Fig. 40 
Different stages of supposed spore formation. Fig. 41. Mature spores 


Development of the flower and embryo-sac iu Aster and 
Solidago. 
G. W. MARTIN, 
(WITH PLATES XIX AND XxX.) 
Concluded from page 358 

Let us now turn to the development of the ovule and the 
embryo-sac. A short time before the floral organs attain their 
maximum length, there appears at the bottom of the ovarian 
cavity a rounded excrescence; this is the incipient ovule, the 
promise of a future seed (fig. 11). This incipient ovule 
does not arise fromthe bottom of the ovarian cavity, but a lit- 
tle above the lowest point. Therefore, the ovule is not the 
terminal structure on the floral axis. For, by careful focusing, 
the apex of the fascicular system is seen to end very abruptly 
at the bottom of the ovary cell. To the right and left of the 
axial bundle of the pedicel, a little below the apex, are given 
off fibro-vascular bundles which traverse both sides of the 
carpellary leaf. It is in the region of one of these lateral 
bundles, beneath the epidermis, that the primitive cells de- 
velop, which arch upward and give rise to the funiculus and the 
nuclear ovule. Subsequently, a branch of this lateral bundle 


®The ovule somewhat advanced. 
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enters the funiculus. According to the investigations of 
Sachs and others, made upon the Composita, we have the as- 
sertion that the nuclear ovule is a lateral out-growth of the 
funiculus, but this statement could not satisfactorily be veri- 
fied by my study of the two genera under investigation. As 
to the question whether the ovule is a lateral outgrowth on the 
flower axis there can be no doubt. 

So far as could be determined no trace of evidence showed 
the ovule to be a direct outgrowth on the axis, but 
on the other hand, an outgrowth on the leaf. Returning 
again to the early growth of the ovule, as before stated, that 
it first appears as a rounded excrescence surmounting the 
funiculus. At first the ovule consists of a mass of cells, the 
tissue of which is soft and cellular, and is designated the nu- 
cleus of the ovule or the nucellus. By further development 
a large nucleated cell appears within this nucellar tissue, 
which soon divides, the apical cell of which becomes the 
mother-cell of the embryo-sac (fig. 12a). In its early de- 
velopment the nucellar body is almost orthotropous, but by 
further growth it becomes curved (caused by a stronger 
growth on one side) at the point (base of the nucellus, where 
the integument originates (fig. 12 b)*. At first the integu- 
ment appears as an annular ring; as growth takes place it 
forms a complete wall around the nucellus; as the wall en- 
croaches upon the apical portion of the nucellus, the latter 
becomes more and more curved, but does not seem to be 
wholly inverted till the integument completely surmounts it, 
even passing far beyond the nucellar apex (fig. 16). Thus, 
we have an ovule which is anatropous; having a single integ- 
ument, though very thick and forming the greater mass of 
the ovule before fertilization is accomplished, investing a 
small central portion, the nucellus (fig. 13a)*; and the latter, 
which consists of but one layer of cells, in turn surrounds 
a more central portion, the embryo-sac (fig. 13b). Origi- 
nally, this sac consists of but a single nucleated-cell, which, 
when division is complete, forms a central row of four cells 
(fig. 16). The nucellus in process of growth becomes very 
much elongated; its cells are well defined and nucleated; 
likewise the mother-cell of the embryo-sac, though primitive- 


7 Advanced stages of the ovule 


_® At this point it may be stated that the integument does not develop on the 
side next the funiculus; this is common with anatropous ovules. 
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ly polyhedral in outline, but later more oval in contour, 
elongates and containsa nucleus with nucleolus imbedded in 
a rich mass of protoplasm. In some sections the nucleus ap- 
peared to be elongated in the same direction as that of the 
embryo-sac. During the subsequent growth of the integu- 
ment and nucellus the embryonal sac enlarges (figs. 13 and 
14), and the nucleus of the mother-cell undergoes subdivis- 
ion. In fig. 15 the nucleus has divided, and the mother-cell 
is now separated into two equal parts by a transverse wall, 
each part containing a nucleated-cell. Presently, the two nu- 
clei divide, a transverse wall is formed in each half, and thus 
we have, at the end of the second and last subdivision of the 
mother-cell of the embryo-sac, four equal nucleated-cells 


(fig. 16). At this stage of the embryo-sac there is a very 
close analogy to the division of the mother-cell into four cells, 
worked out by Strasburger in Polygonum and Senecio. The 


cross walls formed between the cells are very strongly re- 
fractive and much swollen; the middle transverse wall is re- 
markably distended and persists much longer than the other 
two partitions; in several sections the middle wall was found 
intact when the coutents of the cells were completely ab- 
sorbed. 

Of the four cells into which the primitive mother-cell of the 
embryonal sac is now divided, only the lower one is charac- 
terized by further growth;* this cell, therefore, becomes the 
true mother-cell of the embryo-sac (fig. 17,@). Subsequently, 
the protoplasm of the upper three cells becomes viscid, the 
nuclei show disintegration, and the upper wall of the lower, 
club-shaped cell (mother-cell) indicates a rigid turgescence. 
When the upper three cells begin to disorganize (in centrifugal 
order), they become crescent-shaped; their nuclei disappear, 
their walls are displaced, and the cell contents are absorbed 
by the encroachment of the lower, mother-cell. After the 
cells are completely disorganized and absorbed, the mother- 
cell assumes a central position in the embryo-sac (fig. 18). 
Simultaneously with the obliteration of the upper cells of the 
embryo-sac, the one-cell-layer of the nucellus undergoes a 
similar process of disintegration. The first mark of displace- 
ment is shown by the reduction of the cell contents to a 
granular protoplasmic mass; then follows the disappearance 


® The micropylar end is known as the upper extremity of the ovule, while its 
opposite is the lower end 
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of the transverse cell walls (fig. 18). The order of nucellar 
displacement begins at the apical end of the nucellus and pro- 
ceeds toward its basal portion (fig. 19); finally, the whole 
nucellar-tissue is displaced and absorbed by the embryo-sac, 
which subsequently becomes very much enlarged. In fig. 19 
is seen a partial obliteration of the nucellus and at this period 
of growtn the embryo-sac is completely filled with protoplasm, 
in the central portion of which is located the mother-cell with 
a vacuole both above and below it. Fig. 20 shows a com- 
plete displacement of the nucellus and elongation of the 
embryo-sac; a farther separation of the vacuoles; the first 
division of the mother-cell into two daughter cells, each mov- 
ing, the one into the upper, the other into the lower end of 


the embryo-sac. In the next stage of development we have 
the first division of the polar nuclei, thus making two nuclei 
-h end of the embrv The 
In each end of the em ryO-sac. le tio upper nuciei rest 


within an accumulation of protoplasmic substance, while the 
two lower nuclei rest within a less dense plasma between an 
upper and a lower vacuole which show a longitudinal expan- 
sion (fig. 21). Previous to the last division of the polar nuclei, 
a longitudinal increase of the whole embryo-sac takes place. 
Subsequently, each of the two nuclei divide and we have four 
nuclei occupying opposite extremities of the embryo-sac. 
Thus, division is complete, and the upper cells give rise to 
the egg-apparatus, while the lower are designated antipodal 
cells. The next stage of development, as in fig. 22, 
is characterized by the ascent of one of the antipodal 
cells toward the center of the embryo-sac. This nu- 
cleus is imbedded in a dense mass of protoplasmic 
material separating two large vacuoles. Of the three antip- 
odal cells remaining, the two upper, which lie alongside and 
impinge on each other, also rest in a plasma bridge separat- 
ing two vacuoles, the upper of which is the larger and the 
lower one of the two previously mentioned. The lowermost 
cell is partly obscured by the impingement of the lowermost 
vacuole. At the micropylar end of the embryo-sac the cells 
have a far different significance; one of the cells in its descent 
toward the center of the sac meets its fellow from below and 
both coalesce, thus forming a secondary or endosperm nu- 
cleus. The three remaining cells, though naked like the 
three opposite, but surrounded by a denser mass of proto- 
plasm, constitute the true egg-apparatus. The two upper 
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cells of the egg-apparatus, which lie side by side occupying 
the whole tapering anterior end of the embryo-sac, are the 
synergidae; at their lower extremity, extending nearly across 
the sac, lies a larger rounded cell, the oosphere. In further 
development, as found in fig. 23, the embryo-sac becomes 
very much swollen, which is a characteristic feature both be- 
fore and after the process of fertilization. But fertilization 
in this case has not yet been accomplished, as the perfectness 
of outline of the synergidae amply testify. The upper vacuole 
of the preceding figure shows a contraction toward the upper 
extremity of the embryonal sac and is more oval in outline. 
At this stage, also, the upper polar nucleus exhibits retarded 
action in its descent toward its counterpart from below, in 
many cases refusing descent till after or about the fertilization 
period. 

To trace the embryonal sac in its further development 
would result in recounting what, already, is very familiar to 
many botanists. 

Summary.—1l. The calyx appears second in order of suc- 
cession of the floral whorls. 

II. The syngenesious anthers seem to be united structurally. 

III. The upper polar nucleus shows a slow descent in unit- 
ing with the lower one to form the endosperm nucleus. 

IV. Compared with Strasburger’s study of Senecio the fol- 
lowing differences were observed: 

(1) The antipodal cells occur in no regular order, and 
as far as my investigations went, were never 
found arranged in a single longitudinal row. 

(2) No more than four antipodal cells could be discov- 
ered, always naked and having no cross walls. 

(3) The oosphere, as far as could be determined, failed 
to occupy the whole diameter of the embryo-sac. 

(4) The nuclei of the cells composing the egg-appa- 
ratus seemed always to occupy an almost central 
position. 

(5) Vacuoles were seldom seen in the synergidae. 

All figures illustrating the development of parts given are 
from sections supposed to pass through the center of the 
tissue which they represent. 

All material used was fixed in 1 per cent. chromic acid 24 
hours, thoroughly washed, stained 77 ¢o¢o with alum carmine 
24 hours, again washed and dehydrated; then taken through 
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the xylol-absolute-alcohol process into a saturated solution of 
xylol and paraffine, then infiltrated with paraffine, imbedded, 
and sectioned with a microtome; again, the sections were coun- 
ter-stained on the slide with Bismarck brown and mounted in 
xylol-balsam. 

Acknowledgments are due Dr. John M. Coulter and Mr. 
D. M. Mottier of Indiana University for their valuable sug- 
gestions given in the direction of my work. 

Indianapolis High School. 


A vacation in the Hawaiian islands. 
DOUGLAS HOUGHTON CAMPBELL. 


As the vacation approached, the question arose, ‘‘Where 
shall I go for the summer?” With the numerous interesting 
regions within comparatively easy reach of San Francisco, this 
question was not to be answered without some deliberation; 
but finally the Hawaiian islands were decided upon, as prom- 
ising much of interest, both botanical and otherwise. 

Hillebrand’s Flora of the Hawaiian islands was procured; 
from it I obtained some idea of what might be expected in the 
way of vegetation, and with much interest I looked forward 
to the moment when, for the first time, I should find myself 
roaming in a tropical forest. 

On the 6th of July, behold me, then, a passenger on the 
Australia, bound for Honolulu. There is very little to record 
of the voyage, which was pleasant enough but not eventful. 
One is struck by the paucity of life in the Pacific after getting 
away from the immediate vicinity of land. None of the 
giant kelps, so characteristic of the coast region, were seen 
after the first day out, nor was any floating sea-weed observed 


during the trip. Animal life was confined to a few sea-birds, 
mostly ‘‘gonies,” small brown albatrosses, which followed the 
ship for several days. As the warmer waters were reached, 


flying fish became abundant, but they were pretty much the 
only animals noted on the way over. Not a vessel of any 
kind was seen after the first day, and the vast stretch of blue 
water was unbroken by any sign of life. The water is enor- 
mously deep, and of a blue so vivid, that one can almost be- 
lieve that a handkerchief dipped into it would come out blue. 
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On awakening upon the seventh day out, and looking 
through the port-hole of my state room, I saw that we were 
sailing near land. Rugged barren looking hills were seen; 
and, going upon deck, I learned that this was Oahu, the 
island upon which Honolulu is situated. As we skirted the 
shore at a distance, I soon spied a grove of unmistakable cocoa 
palms, the first hint of the tropical vegetation to which I was 
soon to be introduced. Beyond was the bold promontory of 
Diamond Head, an extinct volcanic crater, forming a great 
bow! with rugged sides, right at the water's edge. Beyond 
this, and bounded partly by it, is the bay upon whose shores 
stands the city. Back of it rose abruptly a chain of moun- 
tains, in places about three thousand feet above sea-level, and 
furrowed by deep valleys, whose walls, as well as the cloud- 
capped summits of the hills, were covered with the most won- 
dertully verdant vegetation. Never before had I realized the 
possibilities of green. Blue greens, yellow greens, gray 
greens, and positive greens, with all degrees of these and 
others that are indescribable, combined to form what Whistler 
would term a symphony in green. 

As if to vie with the colors of the mountains, the sea ex- 
hibited an equally wonderful variety of tints. Outside the 
harbor is a coral reef, and within this the water is of the pale 
green common to shallow ocean water; but outside it deepens 
very rapidly into the vivid blue of the open ocean. From a 
distance the line is clearly seen; but, as the observer ap- 
proaches shore, the water changes from deep blue through 
every shade of blue and green until the pale green of the 
water within the harbor is reached. 

As we approached land numbers of the queer outrigger 
canoes of the natives were met, and from the wharf boys 
jumped into the water and swam about the ship in the hope 
of persuading some of the passengers to throw over to them 
coins, which they are very skillful in diving for. 

On the way to the hotel a few gardens were passed, and in 
them everything was strange. By far the most striking thing 
was the superb Poinciana regia. Although I had never seen 
this before I recognized it in an instant from a description of 
Charles Kingsley’s, read long ago. Surely in the whole veg- 
etable kingdom there is no more splendid plant. A spread- 
ing flat-topped tree, perhaps thirty feet high, with feathery 
green, acacia-like foliage and immense flat clusters of big 


1892. | A Vacation in the Hawaiian Islands. 413 


flaming scarlet flowers that almost completely hide the leaves 
so that the tree looks like an immense bouquet. They were 
in their prime about the time of my arrival in Honolulu and 
continued to flower more or less for the next six weeks. 
Pretty much everything in Honolulu, except the cocoanuts 
and an occasional haw tree (Paritium tillaceum) is planted ; 
but people seem to vie with each other in seeing how many 
different kinds of plants they can grow, and the result is that 
the place is like one great botanical garden. To Dr. Hille- 
brand this is said to be largely due, as he was one of the first 
to introduce foreign ornamental plants, and his place, which 
is kept much as it was at the time he left the islands, was a 
very remarkable collection of useful and ornamental plants 
from the warm regions of almost the whole globe. 

Probably the first thing that strikes the traveler from the 
cooler regions is the great variety and number of palms. Of 
these the beautiful royal palm (Oreodoxa regia) is casily 
first. With its smooth columnar trunk, looking as if it had 
been turned, encircled with regular ring-shaped leaf-scars, 
and its crown of plumy green leaves, it well deserves its 
name. Other characteristic palms are various species of 
betel palms (Areca), wine palm, (Caryota), sugar palm 
(Arenga), and a great variety of fan-palms of different 
genera. None is more beautiful than a thrifty young cocoa 
palm, but unfortunately it is very subject in the Hawaiian 
islands to the ravages of some insect which eats the leaves 
and often renders them brown and unsightly. Indeed, it is 
almost impossible to find a specimen which is not more or 
less disfigured by this pest. The trunk of the cocoanut tree 
is usually more or less crooked, and in old specimens much 
too tall for its thickness, so that the old trees look top-heavy. 
The date palm flourishes in Honolulu, where it is quite dry, 
but does not do so well in the wetter parts of the islands. 

On studying the other trees, one is struck at once by the 
great preponderance of Leguminose, especially Casalpinex 
and Mimosez. All about the town, and growing very rap- 
idly, is the algaroba (Prosopis juliflora), a very graceful tree 
of rapid growth, with fine bipinnate leaves and sweetish yel- 
low pods, which animals are very fond of, and which are used 
extensively for fodder. Add to this that the tree now forms 
the principal supply of fuel for Honolulu and we can realize 
its full value. Other leguminous trees that are planted are 
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the monkey-pod (Pithecolobium samang), tamarind, various 
species of Bauhinia and Cathartocarpus. One species of the 
latter with great drooping bunches of golden yellow flowers 
and enormous cylindrical pods three or four feet long, rivals 
the Poinciana when in full flower. 

Mingled with these are a great number of shrubs and trees 
with showy flowers or leaves, most of them more or less 
familiar to the stranger, either from pictures or from green- 
house specimens. Several species of Musa are grown, 
and when sheltered from the wind are most beautiful; but 
ordinarily the leaves are torn into rags by the wind. The 
tall and graceful M. sapientium has been largely supplanted 
by the much less beautiful Chinese banana, M. Cavendishii, 
which is short and stumpy in growth, but enormously pro- 
lific. The related traveler's tree (Ravenala Madagascariensis), 
is a common and striking feature of many Hawaiian gardens. 
Of the many showy flowering shrubs, the beautiful Hibiscus 
Rosa-Sinensis is one of the commonest, and is used exten- 
sively for hedges. One of the most striking hedges in the 
city, however, is the famous one at Puna Hou college, which 
is 500 feet long and composed of night-blooming cereus. I 
was not fortunate enough to see this when it was in full 
flower, but I saw a photograph of it when it was estimated 
that there were about 8,000 flowers at one time. 

Of the fruit trees ordinarily grown, the following may be 
mentioned. The mango is a very handsome tree with dense 
dark green foliage and masses of yellow and reddish fruit on 
long hanging stalks. The bread-fruit tree is common, both 
cultivated and wild, and is a very beautiful tree of moderate 
size with leaves looking like immense fig-leaves, and the fruit 
like a large osage orange. I saw no ripe fruit, and so had 
not an opportunity of testing its quality. Guavas of different 
varieties are extremely common both wild and cultivated, and 
the various fruits of the whole citrus tribe grow well. The 
few specimens of temperate fruits were, for the most part, 
much inferior to those of the United States. Of the fruits 
that did not strike my fancy, at least at first, was the alligator 
pear (Persea gratissima), a big green or purple pear-shaped 
fruit with an immense single seed. The pulp is somewhat 
Waxy in consistence and very oily. Itis eaten as a salad, and 
very much relished by the islanders, but the taste is acquired. 
The curious papaya (Carica papaya) is another fruit which did 
not appeal to my palate. Its big orange fruit, not unlike a 
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melon in appearance when cut open, has a peculiar ‘‘squashy” 
flavor that suggested its having been kept a day too long. 

Many showy climbers are planted, some of which, like 
Stephanotis, Thunbergia and Allamanda, are superb; but there 
is one that is particularly obnoxious in color, Bougainvillea, 
whose magenta floral-bracts are an offense to the eye, form- 
ing a cataract of raw color. It looks, as some one observed, 
as if it had just come from a chemical bath. 

As soon as one gets fairly away from the city, it is at once 
seen that all the luxuriant vegetation is strange. Along the 
seashore is a plain gradually rising into low hills, both almost 
destitute of trees, except here and there a few cocoa palms 
along the shore. Of the strictly littoral plants among the 
most conspicuous is the curious Ipomeea pes-capre, with deeply 
two-cleft leaves and purplish pink flowers. In the fertile low- 
lands near the sea are the principal cane and rice fields, which 
with taro are the staple crops. The rice is cultivated entirely 
by Chinese, near Honolulu; but on the sugar plantations the 
Japanese are largely employed. To see a Chinese laboriously 
transplanting little handfuls of rice into straight rows, or 
plowing in the mud and water with a primitive plow drawn 
by a queer Chinese buffalo are sights very foreign to an Amer- 
ican eye. Sugar cane is eminently productive in the islands, 
and, hitherto, has proved the main source of revenue; but 
now the Hawaiians are bewailing the depression caused by the 
free admission of sugar from other countries into the United 
States; as, hitherto, their product has enjoyed practically a 
monopoly of the American market, having been admitted by 
treaty free of duty. 

I made several trips up the valleys back of the city, but 
owing to the almost constant rain in many of them, these 
were not always agreeable. However, one is richly repaid by 
the luxuriance and variety of the vegetation. Fora mile or 
two we pass between grass-covered hills, or hills overgrown 
in places with the lantana, which, introduced as an ornamental 
plant, has become a great pest. This plant covers some of 
the hills with an absolutely impassable thicket and spreads 
very rapidly, so that it is a serious problem what is to be done 
with it. Of the common roadside plants, an orange and yel- 
low milk-weed and the showy white Argemone Mexicana were 
the most conspicuous. As one proceeds farther, where more 
moisture prevails, the variety becomes larger. Thickets of 
Canna and a Clerodendron with double rosy-white flowers, 
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are common, and the curious screw-pine (Pandanus odoratis- 
simus) is occasionally seen. This latter is a very character- 
istic plant, but is much more abundant in some of the other 
islands. In this region several very showy species of Ipomoea 
are very common, among them the well-known moon-flower, 
I. bona-nox. 

With the increase in moisture, as might be expected, the 
mosses and ferns increase in number and beauty. There are 
many of them of types quite different from those of the 
United States. One of the commonest ferns of the lower 
elevations is Microlepia tenuifolia, a very graceful fern with 
finely divided leaves and terminal sori. Species of Vittaria, 
with very long undivided leaves, are also common here. 

As we ascend one of the commonest ferns is Sadleria 
cyatheoides, a very large fern, often more or less arbores- 
cent. Ascending still higher the number and variety of ferns 
increases rapidly, and many beautiful and interesting ferns 
and mosses aud liverworts become common. 

At about one thousand feet elevation we begin to meet 
with species of Cibotium, to which genus belong the largest 
of the tree ferns of the islands. Here, also, I met for the 
first time with the smallest of all the ferns I have ever seen, 
Trichomanes pusillum. This dainty little fern, one of the 
Hymenophyllacew, forms dense mats on rocks and _ tree- 
trunks, looking like a delicate moss. The full grown frond 
is fan-shaped and, with its stalk, is not more than half an 
inch high. These tiny leaves, nevertheless, in many cases 
bore sporangia. 

With the increase in the amount of moisture, the epiphytic 
ferns become frequent. The principal ones we notice are 
species of Acrostichum, Polypodium, and, most conspicuous 
of all, the beautiful bird’s-nest fern (Asplenium nidus), with 
immense bright green entire leaves. This superb plant is not 
at all uncommon in the forks of trees in the lower forest region. 

Everywhere in this region are thickets of Freycinetia, 
sometimes even climbing the trees. This plant, looking 
very much like a Pandanus, is troublesome to get through, 
and often have we found ourselves walking on the tops of the 
bushes, three or four feet above the ground. As frequent 
tough convolvuli and ipomeoeas kept entangling our legs, pro- 
gress was rather slow. 


(Zo be concluded.) 
Leland Stanford Funior University. 
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BRIEFER ARTICLES. 

Carl Moritz Gottsche.—Carl Moritz Gottsche, who died Sept. 28th, at 
Altona, near Hamburg, was born there July 3, 1808. He has beena 
practicing physician in his native village for over a half century, and 
during an equal period, an ardent student of the Hepaticae, issuing a 
large number of publications thereon which vary from a few pages of 
critical notes to elaborate monographs. From his first serious publi- 
cations in 1843-5! down to his work in recent years there cannot be 
said to be a single careless issue from his hand. In order to more 
satisfactorily illustrate his papers, he early learned the art of the en- 
graver and his success in this direction can best be seer in his papers, 
especially in the matchless plates of his AZextkanske Levermosser. 

His botanical interest commenced with the group he continued to 
study. Infact his contributions to other botanical fields are scarcely 
worth mentioning in comparison. His first papers were chiefly 
morphological and dealt on the one hand with that curious link be 
tween the thallose and foliose Hepatice, Haplomitrium Hooker’, and 
the equally curious but searcely circumscribed marsupiocarpous Hepa- 
ticae which he called “Jungermanniae Geocalyceae.” In 1844-1847 ap 
peared the Synopsis Hepaticarum which was the combined work of Got 
tsche and two older men, Lindenberg and Nees von Esenbeck. Although 
the former had published a monograph of the European species as 
early as 1829* followed by the more elaborate one by the latter in 
1833-38,3 Gottsche’s name appears first on the title page and it is 
evident that he did a large part of the work. ‘This work contains de- 
scriptions of over 1600 species of Hepaticae and is the last summary 
of the group that has appeared, although the number of known species 
has more than doubled. He was further associated with Lindenberg in 
the publication of Species Hepaticarum (1839-51), an elaborate work 
attempting to illustrate all the known species, which for lack of support 
stopped short with the genera Plagiochila, Lepidozia and Mastigobryum 
[Bazzania]. In 1856 he became associated with Rabenhorst in issuing 
exsiccate of European Hepaticee (Hepatic Europez) which extend- 
ed to 66 decades (nos. 1-660), and which owe their chief value to 
Gottsche’s elaborate notes and icones which appear on the labels to 
the specimens. It is unfortunate that the numbered specimens of this 
series were often carelessly put up and sometimes badly mixed; while 

'Anatomisch-physiologische Untersuchungen iiber Haplomitrium Hookeri 
(1843). Ueber die Fructification der Jungermanniz Geocalycez. (1845). Both 
papers were published in Acta Acad. Caes.-Leop 

*Synopsis Hepaticarum Europaearum. 4to. Bonn, 1829. 


®Naturgeschichte der europdischen Lebermoose. 4 vols, 12° ., Berlin and 
Breslau, 1833-38 
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this was in no way the fault of Gottsche, it detracts from the value of 
his notes not to have with them, in each case, samples of the same 
plant on which the notes were made. 

While we have not space here to mention all of Gottsche’s work‘, 
we must call attention to two of his papers that are of special in- 
terest to Americans. The first is on the Hepaticz of the U. S. of Col- 
umbia* and the second is on Hepatic of Mexico® and more especi- 
ally bears on our own flora. Both are elaborate works, both are 
elegantly illustrated by Gottsche’s own hand, in both the flora is very 
fully represented and the monographs constitute a broad and substan- 
tial beginning to any further study of the Hepatice of these lands. Un- 
like so many pioneer works, no time will have to be squandered over 
two or three line descriptions in orderto ascertain what was most like- 
ly intended by the describer, for the descriptions are as carefully writ- 
ten as the drawings are elegantly engraved. 

Dr. Gottsche leaves an extensive herbarium made all the more valu- 
able by his elaborate sketches of the species which he invariably 
made in his study of any form. Better than all else he leaves a mem- 
ory which extends over half a century of friendly help he has freely 
given to students of the Hepatice in all lands.—L. M. U. 

An edible lichen not heretofore noted as sueh.—/:xdocarpon minia- 
tum Schaer. has been collected by me in many states,and is abundant 
in Tennessee. It has also been sent to me from Japan and Cuba, two 
widely diverse localities. It inhabits calcareous rocks and may easily 
be mistaken for Umdéilicaria, two species of which it resembles. I 
doubt if any writer has noticed or commended this lichen as an article 
of diet. But Mr. Minakata, who is a distinguished scholar and natur- 
alist, and who has lately spent two years in the United States in study 
and travel, informs me that large quantities are collected in the moun- 
tains of Japan for culinary purposes, and largely exported to China as 
an article of luxury. He expresses surprise that no attention is paid 
to it here. The name by which it is known in Japan is 7wafaka, mean- 
ing ‘“‘stone-mushroom.” Properly treated it resembles tripe.—W. W. 
Chicago, 1/1. 


A new Tabebuia from Mexico and Central America: Tabebuia Don- 
nell-Smithii n. sp., PLATE xxvi.—aA tree 50 to 75 feet high, often 4 feet 
in diameter 


: leaves palmately-compound on long peduncles 5 to 10 


‘As we are so soon to publish a full bibliography of the Hepatic, a complete 
list of Dr. Gottsche's writings will there be given. 

5Hepatice in Triana et Planchon: Prodromus Flore Novo-Granatensis. 
Ann. des Sc. Nat., 5th ser., 1. 95-198, t. xvil-xx (1864). 

®8De Mexikanske Levermosser, efter Prof. Fr. Liebmann'’s Samling. Dansk. 
Vid. Salsk. Skrift. v1, 97-380, t. 1-xx (1867) 


3 
| 


Bane 
tag! 


> 
— 
A. \ 
\ 
: \ 
4 
44 \ 
— ) AN \ 
a 
4 - > L 


< 
\ 
\ ( 
\ 
\ 
\\ | , \ 
~ 
‘ N | | } 
/ ~ 
\ \ cn 
J \ | ig 
— 
ff \\ = 
= = 
— 


i 
i 


1892. ] Briefer Articles. 419 


inches long; leaflets 7, very variable in size (the largest on petiolues 1 


to 3% inches long), oblong to ovate, acuminate, rounded or truncate 
at base, serrate, glabrate in age, 2 to 1o inches long, often 3 inches 
broad: flowers arranged in a large terminal panicle of small cymes, 8 
inches long, with short glandular-pubescence throughout: cymes few- 
flowered, with deciduous scarious bracts; pedicels 6 lines long: calyx 
closed in bud, deeply cleft and two-lipped in flower, 6 lines long: 
corolla yellow, tubular, 5-lobed; tube 1 to 1% inches long; limb 1% 
inches broad: stamens 4, included, didynamous; filaments incurved, 
glabrous except at base; anther cells glabrous, oblong; sterile filament 
1% lines long: ovary sessile: pods 12 inches or more long, to-ribbed, 
glandular-pubescent and loculicidally dehiscent: seeds in 2 rows.— 
Common on the mountains about Colima and cultivated about the 
town. Collected by Capt. John Donnell Smith, at Cuyuta in the De- 
partment of Escuintla, at an alt. of 200 feet, April, 1890, no. 2070; and, 
also, by Dr. Edward Palmer, at Colima, Jan. 9 to Feb. 6, 1891, no. 1098. 

This is said to be one of the most beautiful trees of Mexico, and is 
called “primavera.” The flowers are a beautiful golden yellow pro- 
duced in great abundance, and generally appearing before the leaves. 
The trees are often karge, sometimes 4 feet in diameter and the wood 
very valuable. The trees are cut into logs about 12 feet in length, and 
shipped from Manzanillo in the state of Colima to the United States, 
principally to Cincinnati and San Francisco where they are used a 
great deal for cabinet work and veneering. The tree is very common 
in the lower part of the Department Escuintla; it is tall and slender, 
usually leafless, and with the profuse delicate yellow flowers standing 
out against the sky like golden clouds. 

The following note is from a letter of J. D. Smith, Jan. 7, 1892: “The 
trees were too branchless for my servant to climb, too stout for him to 
fell with his machete, and too high for me to discern what manner of 
leaves were those which occasionally showed themselves among the 
flowers. My flowers were all picked up on the ground. I think there 
must be many trees in those countries, of which botanists have not 
been able easily to collect specimens, and which, therefore, remain 
unknown.” 

I have not been able to place in any known species this interesting 
tree: It seems curious that a tree so widely distributed, of such at- 
tractive flowers and of some commercial importance should have re- 
mained unknown to botanists. The species, while not agreeing inall 
respects with Zadcbuia, answers better to this than to any other known 
genus. In its inflorescence and ribbed pods it is more like Godmannia 
or Cyéistax, but does not agree in other particulars.—J. N. Rose, 
Dep't of Agriculture, Washington, D. C. 
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The occasional cross.—When in 1876 [| addressed the meeting of the 
American Association for the Advancement of Science at Detroit,' 
taking for my text what I then regarded as an extravagance, the exact 
language of a great teacher inscience: “All plants with conspicuously 
colored flowers, or powerful odors, or honeyed secretions, are fertilized 
by insects; all with inconspicuous flowers, and especially such as have 
pendulous anthers, or incoherent pollen, are fertilized by the wind” 
I did not expect to see the proposition so widely modified as it is 
to-day. Our great leader, Asa Gray, wrote to me reiterating the 
strength of the position I was combating, and in the curt way quite 
allowable in the correspondence of friends whose regard for each other 
no difference of opinion could weaken, “dared” me to produce an 
instance of a flower as above characterized, that was not arranged for 
cross-fertilization. It was chiefly this “daring” that has led me in 
recent years to produce the instances. The broad view soon became 
modified so as to read that the plants were so arranged as to pollinate 
themselves in many instances when insects failed to do the work, and 
I doubt very much whether there is a prominent botanist to-day, who 
will deny that there are numerous Instances in which sweet and colored 
flowers are so arranged that cross-fertilization is next to impossible. 
Indeed it has come to be quite frequent for authors on the relations 
between flowers and insects, when noting the contradictive facts to 
simply observe that an “occasional cross is not 1mprobabie.” 

It may not be useless at this stage of the progress of thought to 
inquire, what is the physiological value of an “occasional cross’’? 

No one familiar with nature can fail to see that, of the millions of 
seeds annnally produced by plants, an almost imperceptible fraction 
only come to seed bearing individuals, and the seeds from the “occa- 
sional cross” can scarcely have any record in the progressive history 
of the race. Suppose we take Mr. Robertson’s illustration of AZo//ugo 
verticillata (p. 274). I am satisfied that the “occasional cross” never 
occurs, and that “spontaneous self-pollination may take place’’ is 
putting the case with gratuitous mildness. A microscope would show 
that not only are the pollen-sacs disrupted and the pollen discharged 
over the pistil before the flower opens; but so long that the ovarium 
has commenced to assume the brown tint of ripeness, and the seeds,with 
full cotyledons, have reached their full size. But suppose this not to 
be the case, what chance has an “occasional cross” to get the resultant 
seeds into the reproductive stage again? I have before me a single 
plant of less than average size. It is one-sided, and extends over half 
a circle with a twelve inch radius. I find in one seed vessel just 30 


‘See Proc. Am. Ass. XxIV. p. 224 
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seeds, and there have been already matured or on the road to maturity 
72 seed vessels, with 11,160 seeds. How many of these would get 
through the long chapter of accidents and produce flowering plants 
next year? I venture to say not a hundred—possibly not ten. What 
chance has an “occasional cross” to benefit the race in a scheme like 
that proposed? 

And then we find that those which get more than an “occasional 
cross” do not get along any better for it. ‘Take Mr. Robertson’s illus- 
trations again. Gaura diennis | believe to be more dependent on insect 
aid than he himself has discovered, though none of those he names 
have any hand whatever in it, while its close ally Gaura parviflora 
is just as absolute a self fertilizer. And if Qxothera fruticosa is 
so arranged that self-pollination is impossible—a fact of which I am 
by no means sure—how about its neighbor (nothera dbiennis, which is 
one of the closest self-fertilizers in the whole family, and yet has made 
its way not only all over the American continent, but has invaded the 
old world as well! 

I repeat, where does the physiological advantage of the “occasional 
cross” come in?—THoOMAS MEEHAN, Germantown, Philadelphia. 


Sullivantia Hapemani.—In the November GazeErre (p. 348), owing 
to undue haste in printing, this species appeared as a Heuchera. ‘The 
oversight was unfortunate, but it 1s to be hoped that the correction 
can overtake the blunder. It is a matter of some interest to discover 
in our flora a third species of Sw//ivantia, and that, too, with range in- 
termediate between that of the other two. S. Ofdonts of the north 
central states (Ohio to Iowa and Minnesota) has always been con- 
sidered a rare and interesting plant; and S. Oregana of the Willa- 
mette and Columbia Rivers still more so. This third species, from 
the Big Horn Mountains of Wyoming, well preserves the generic ap- 
pearance, and would be recognized at a glance by those familiar with 
the other species, although much more closely related to its eastern 
congener, a thing to be expected. All three species affect the same 
situation; all being found growing in the crevices of dripping cliffs. 
In addition to the description in the November GAZETTE it may be 
added that the calyx-lobes are 3-nerved and bright green; the petals 
are obovate, entire, and brown at base; and the pod is broad and de- 
pressed at the partition. The species somewhat resembles SS. Ovzonis, 
but its lower habit, smaller and deeply cut leaves (the lobes acutely 
dentate), green and 3-nerved calyx-lobes, much broader obovate (not 
oblanceolate acutish) petals, and its broad and depressed pod make it 
very distinct—JOHN M. CouLTEr, Bloomington, Ind. 

Vol. XVII.— No. 12. 
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EDITORIAL. 


Those who are engaged in investigation cannot but regret the in- 
creasing tendency to the establishment by educational institutions of 
independent publications which are to contain the results of investiga- 
tions conducted at the institution or by members of its staff. It is 
getting to be the fashion now for all the larger colleges and universi- 
ties to undertake the issue of either occasional “bulletins,” or ‘“con- 
tributions,” or “studies.” ‘The agricultural experiment stations have 
the issue of at least four bulletins in the course of the year forced upon 
them by an absurd law; but these newer publications are not stimu- 
lated by any thing except the desire of the institution to advertise it- 
self. Assoon asa college comes to have graduate students, and a 
faculty with the leisure and ability for original work, it feels that it must 
follow the example of other colleges, in order to let it be known that 
such work is in progress. There 1s no plea whatever that there is any 
necessity for the establishment of such publications except self-ag- 
grandizement. It is not that worthy papers could not otherwise see 
the light; it is not that the regular journals and transactions of learned 
societies are unable or unwilling to care for the flood of manuscripts 
which might otherwise be poured upon them. Not that; it 1s solici- 
tude on the part of the University of B —lest the University 
of A should become greater in reputation, or should attract 
more students. 

To one who is looking up the literature of any particular subject 
this multiplicity of irregular journals and bulletins and contributions 
and proceedings is simply maddening. In Germany this evil has be- 
come so great that almost every department of learning is compelled 
to have its Jahresbericht and Centralblatt, which have not only at- 
tempted to compass German but also all literature in their special 
fields. But the task is becoming herculean, and sooner or later 
subdivision either of territory or topic must be made. We are coming 
to a time, and that rapidly, when such indexes to American literature 
will be indispensable. Every new and especially every occasional pub- 
lication adds to the difficulty of collecting or keeping informed of 
botanical literature. It was therefore with especial pleasure that we 
welcomed the beginnings of such indexing in the publications of the 
botanical division and the division of vegetable pathology at Wash 
ington. 


The objection to the multiplication of publications is the stronger 
when it is seen that the benefit of advertising can be secured without 
the evil complained of. ‘The plan long pursued by Drs. Gray and 
Watson of the Harvard Botanic Garden, and adopted by the Crypto 
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gamic Laboratory of the same university, and by the Herbarium of 
Columbia College is warmly to be commended. The series of papers 
emanating from these places bears a uniform title and each paper its 
serial number and sub-title, of which the first article in this issue is an 
example. By this plan any institution which desires advertising can 
secure it and at the same time utilize the ordinary channels for ob- 
taining publicity for its investigations. 

Or the plan adopted by the Johns-Hopkins University in the publi- 
cations of its “circulars,” and the similar one lately put into operation 
by the University of Minnesota in its “Quarterly Bulletin” are even 
more to be commended. In these there appear abstracts of any pa- 
pers published by students or members of the faculty, with references 
to the place of publication. They also give opportunity for the in- 
clusion of accounts of university organization and work, and many 
items of interest to alumni and educators. They thus serve admirably 
to show what the institutions are doing, and as advertising media 
could not be improved; while at the same time, instead of adding to 
the scattered publications which must be kept track of, they actually 
help to direct the student to the literature he seeks. 

By all means let the botanists of our larger institutions endeavor to 
prevent so far as possible the troublesome scattering of botanical pa- 
pers. 


CURRENT LITERATURE. 
Western Grasses. 


The “Grasses of the Southwest”, lately completed, put into the hands 
of agrostologists too plates illustrating the chief species of the arid 
regions of the south western United States. It is quickly followed 
by part 1 of the “Grasses of the Pacific Slope”,' in which fifty of the 
larger and economically important species are figured. The second 
part is expected to follow soon and when completed this will be the 
second volume of the“Illustrations of North American Grasses.” Most 
of the species figured have not been illustrated before. The plates of 
this part are a decided improvement upon those of the second part of 
the first vo lume, even as these were better than the first. They are 

1Vasey, GEorRGE—Grasses of the Pacific Slope, including Alaska and the adjac- 
ent islands. Plates and descriptions of the grasses of California, Oregon, 
Washington and the northwestern coast including Alaska. Bulletin 13, Div. of 


Bot., Dep’t of Agric. Issued Oct 20, 1892. Imp. 8° pl. 50. _Washing- 
ton. Gov't Printing Office. 
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lithographs by Meisel, who undoubtedly does the best work in this 
line of any man in the country. 

The descriptions are drawn up mostly by Mr. L. H. Dewey, an 
assistant botanist of the division. 

We have much commendation forthe work, and but two adverse 
criticisms. It is a pity that a fuller synonymy is not given, with criti- 
cal notes. The plates are valuable indeed; but their value would be 
much enhanced by such study, with in some cases more minute and 
thorough dissection of flowers. However if we cannot have a whole 
loaf we ought to give thanks for the half. 

The second criticism relates to purely mechanical details. ‘The 
plates of the second part of the first volume were nearly ruined by 
close trimming and these are cut too close also. Why not leave edges 
uncut, so that one trimming when bound would suffice ? Such plates 
deserve a broad margin, rather than a “skimpy” one. 

A new publication. 

The botanical laboratory of the University of Pennsylvania begins a 
new serial entitled “Contributions from the botanical laboratory of 
the University of Pennsylvania.”' Several similar publications having 
come to our attention recently, together with propositions for the 
establishment of others, we are moved to give expression to our views 
in the editorial pages on the general advisability of such issues by 
educational institutions. 

This first number is admirably got up. The typography and paper 
is excellent and the plates are good. 

The longest paper is by Dr. Macfarlane on Dionza muscipula and 
is directed to a study of the irritability of the leaves. This is follow- 
ed by ashort paper on bud propagation in Dionzea, which Mr. Harsh- 
berger found to occur occasionally in the inflorescence. There are two 
papers by Dr. Wilson, one on the dioecism and proportion of stam- 
inate and pistillate flowers in Epigeea repens; the other (with the assis- 
tance of Mr. Greenman) on the movements of the leaves of Melilotus 
alba and other plants. In these researches Dr. Wilson finds that 
Melilotus and many other plants have a “hot sun” position for their 
leaves which is dependent largely upon the heat rays and the water 
supply, since it is intended to protect plants from excessive evapora- 
tion. Dr. Rothrock has two short notes, one on a monstrous form of 
Rudbeckia hirta, and the other on a nascent variety of Brunella vul- 
garis. Finally there is a chemical paper on mangrove bark tannin 
by Dr. Trimble, who finds this tannin quite similar to that in horse- 
chestnut, tormentil and rhatany. 


1 Philadelphia: Univ. of Pa. Press. 1892. vol. 1. no. 1. Svo, pp. 73, pl. 13 
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Minor notices. 


THE SECOND BULLETIN of the U.S. Division of Vegetable Pathology! 
is devoted to a detailed preliminary report upon the California vine 
disease, which appeared in sufficient amount to attract attention in 1884 
and 1885. Since then its spread has been rapid until 20,000 to 25,000 
acres of vineyards in S. California have been devastated. The cause 
of the disease has not yet been discovered. ‘This report gives an ac- 
count of the incubation and spread of the disease; its characteristics 
and its relation to various supposed causes. It seems most nearly re- 
ated to rvougeot and folletage. 

PRoFEssoR L. H. PAMMEL has distributed copies of an elaborately 
illustrated lecture on the “Pollination of Flowers’? delivered at the 
January meeting of the Iowa Horticultural Society. The collation of 
useful illustrations (though these are wretchedly printed) and the 
most important literature bearing on this subject makes the pamphlet 
a very useful one to teachers. ‘Two other short papers, “Cross and 
self-fertilization in plants” and “The effects of cross-fertilization in 
plants” are also included in the pamphlet. 


OPEN LETTERS. 
The Botanical Congress. 


Since opinions are asked regarding an American Botanical Con- 
gress at Madison next year, I give mine briefly and categorically as fol- 
lows: 

1. By all means we must have acongress. Foreign botanists are ex- 
pecting it, the time is ripe for it, and properly arranged, I believe that 
we win be able to secure a large and representative foreign delegation. 

The Pte the congress will depe nd very /arge/y on the selec- 
tion of a /’ve general manager or secretary who will not ‘be trammelled 
in his action : by too much a frior? machinery. He must be given 
power to act, if necessary, promptly decause independently. 

3. Action should be t iken at once to secure a meeting of the Inter- 
national Committee on Nomenclature appointed at Genoa, in connec- 
tion 7 th next vear’s congress. 

4. A program containing a fez topics of general interest to botan- 
ists throughout the world hone be announced at an early date. Now 
that nomenclature is practically settled, we are in a position to appre- 
ciate the fact that there are other matters of more importance, some 
of which may well be discussed in such a presence. 

? 1Washington: Gov. Printing Office: 1892. 8. pp. 222. pl. xxv. chart 2 


*Apparently privately printed. pp. 57. figs 45 
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5. The date should be pushed to the very last of August or the first 
week in September in order to accommodate European botanists 
whose university duties would prevent attendance earlier. 

6. A free excursion of reasonable length (say as far as Lake Super- 
ior) ought to be arranged for; to this, arrangements should be added 
whereby foreign delegates could secure special rates to our great at- 
tractions in the far west should they care to make such extended ex- 
cursions.—LuCIEN M. UNDERWOOD, Greencastle, Ind. 


NEWS AND NOTES. 


Mr. W. H. Norris describes in the American Naturalist for August 
the development of the ovule of Grindelia sguarrosa. 


Mr. D. T. MacDouGat is arranging a collecting trip to Mexico. He 
will start early in January. Those desiring plants from this region 
can address him regarding the matter at LaFayette, Ind. 


A NEW EDITION of Koch’s “Synopsis Floree Germaniz” is to be pub- 
lished under the editorship of Prof. P. Ascherson. The Prussian 
Academy of Sciences has voted him 2,000 marks to carry onthe work. 


THE BOTANICAL DEPARTMENT in the Bohemian University at Prague 
has been strengthened by the appointment of Dr. A. Hansgirg, until 
now lecturer in the same institution, and Dr. R. von Wettstein, of 
Vienna, to professorships. 


Mr. F.V. CoviLLe gives an interesting account of the Panamint In- 
dians of California (Am. Anthrop. v. 351), in which there is much of 
botanical interest. The question as to what these desert Indians can 
find in the way of vegetable food is answered by a surprisingly long 
list of plants whose seeds are chiefly used. 


IN THE Last number of Hedwigia (heft 4, 1892) Dr. C. Warnstorf 
describes five new species of Sphagnum: .S. Laéradorense of the AcutT- 
IFOLIA, from Labrador; S. dasyphyllum of the Cuspipata from Con- 
necticut; S. Or/andense from Florida; S. Mohrianum and S. Mobilense 
from Alabama, the three latter of the SUBSECUNDA. 


M. Henry Doutior, preparator at the Museum of Natural History 
at Paris, is dead at the age of 38, from a disease contracted during a 
scientific expedition. M. Douliot had already aquired a wide reputa- 
tion through his researches in the histology of the higher plants. His 
work has been largely in conjunction with M. Van Tieghem. 


In rHE November GAZETTE, (p. 341) we inadvertently omitted men- 
tion of the fact that the Department of Agriculture was the body that 
Dr. Vasey represented at Genoa, in addition to the Smithsonian Insti- 
tute. It is but just that this correction should be made since the De- 
partment was the financial authority for the mission. 
WOOD. 


L. M. UNDER- 


1892. ] Notes and News. 427 


AMONG THE REPORTS of the large scientific staff at work on the 
Government Experiment Farms at Ottawa, Canada, for 1891, just is- 
sued as an appendix to the report of the Minister of Agriculture, is 
one from Mr. James Fletcher, the Botanist. It is concerned chiefly 
with reporting concerning experiments with grasses, some of which 
are figured, and describing some of the most prevalent and dangerous 
weeds that Canadian farmers will be likely to encounter. 

THE TECHNIQUE of celloidin inbedding will be found set forth zx 
extenso in two recent articles; one by W. Busse in Zeitschrift fir wis- 
senschaftliche Mtkroskopie Vi. 462-475; and the other ina series en- 
titled Mikrotechnische Mittheilungen, by Ludwig Koch, of which the 
first installment appears in Pringsheim’s Jahrbiicher fiir wissenschaft- 
liche Botanthk, XX\V. 1-51, under the caption “Ueber Einbettung, Ein- 
schluss und Farben pflanzlicher Objecte.” 

A ist of Ohio Uredinez and a brief account of wheat scab, by 
Miss Freda Detmers, together with a short description of Lactuca 
Scariola, by C. E. Thorne, make up bulletin 44 of the Ohio Experi- 
ment Station. The list of rusts contains about 68 species. The hosts 
and localities are given, and also a few additional notes. ‘There is 
evidence of a lack of careful proof reading, and the cuts illustrating 
Lactuca and wheat scab are wretchedly printed. 

AN IMPORTANT monograph of one of the much neglected groups of 
lower plants, the Oscillariee, appears in the Annales des Sciences 
Naturelles VU, Xv, p. 263-368, with five plates. This, with the earlier 
monograph of the heterocystic Nostocacee by Bornet and Flahault, 
gives tolerably complete facilities for the determination of these plants. 
If some one would now put into compact form an account of our 
American species with analytic keys it would be serviceable. 

Dr. Byron D. HALSTED is soon to issue a century of weed-seeds. 
The seeds will be in convenient vials, held ina tray which is about the 
size of an herbarium sheet. Suitable printed labels are also distrib- 
uted. ‘This collection is designed to assist station botanists in de- 
termining the foul stuff in commercial seeds, and also for the use of 
seedsmen; but all botanists should be interested. The price per set is 
$10, which is far below the real cost, and Dr. Halsted may be ad 
dressed at the N. J. Experiment Station, New Brunswick, N. J. 

Mr. ErNEstT WALKER, of New Albany, Ind., has made some inter- 
esting observations on the scattering of seeds by the pods of Oxalis 
stricta. Inthe proper condition, the least disturbance will cause the 
seeds to be expelled with considerable force, and thrown two or three 
feet. Mr. Walker finds that the outer seed-coat is the agent in this 
dissemination, being a translucent shining membranous envelope 
stretched tightly over the seed, suddenly and elestically turning inside 
out when it bursts. Further details can be had from Proc. Philad. 
Acad., 1892, p. 288. 

‘THREE DISEASES Of tomatoes grown under glass are described by 
Prof. L. H. Bailey (Bull. no. 43), as observed at the Cornell Experi- 
ment Station. The most serious one, called winter blight, appears to 
be of a bacterial nature. Growth is checked, the leaves show ill- 
defined yellowish spots, later turning dark, the leaf curls and becomes 
stiff, the edges drawing downwards, giving the plant a wilted appear- 
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ance. Common blight (Cladosporium fulvum) and root-galls, caused 
by nematodes, are also described and illustrated. ‘The results of va- 
rious preventive measures are given. 

IN A CONTRIBUTION to the physiology of collenchyma (Prings. Jahrb. 
f. wiss. Bot. xxiv. 145) Jonas Cohn finds that this tissue normally con- 
tains in the cell wall from 60 to 70 per cent. by weight of water as 
against 20-40 per cent. in bast and wood. He holds that Bokorny’s 
deductions as to the water-conducting function of collencyhma are 
founded on inexact experimentation and that C. Miiller’s idea that 
this is a water-storing tissue is likewise unsatisfactory. He was unable, 
however, to discover the relation between the mechanical peculiarities 
and the watery contents of collenchyma, and therefore does not sug- 
gest any theory as to its function. 


Mr. H. J. Wesper and Mr. W. T. Swingle are now at Eustis, Lake 
county, Florida, where a laboratory is being erected and fitted up for 
conducting experimental work on the anatomy, physiology and path- 
ology of subtropical economic plants. The first important task 1s to 
learn something of Citrus fruits. Mr. Swingle has been working on 
the diseases of Citrus for the last two years. ‘These observers are now 
starting at the base of matter in the orange blight investigation, and 
are just starting experiments on the transpiration of healthy and dis- 
eased plants, coupled with a histological investigation of the leaf and 
conducting tissue of healthy and diseased limbs. 


THE UNIversity oF [LLINO!Is lately completed a new building for the 
departments of botany, zoology and geology which was formally dedi- 
cated as “Natural History Hall” on November 16th. 

The exercises included addresses upon the development of the nat- 
ural history departments, by Professor T. J. Burrill; science and the 
American college, by President David S. Jordan, of Leland Stanford 
University; the laboratory as a necessary part of the college equip- 
ment, by Professor William Trelease, Director of the Shaw School of 
Botany; and the methods of geology, by Professor N. H. Winchell, 
State Geologist of Minnesota. The botanical laboratories are said to 
be admirably arranged and adapted to the needs of instruction and 
investigation. 

Mr. ELLiotT Cougs gives a good illustration in a recent number of 
Science (xx, p. 219) of the proper meaning of the expression “once a 
synonym, always a synonym,” which we reproduce in part. He says: 
“Let there be a genus Smithia in botany. Let a genus /omesia then 
be named. Let _/onesia then be found to be the same genus as Smithia. 
Then the name /onesta ‘lapses into synonymy’ and can not be there- 
after applied /0 any other genus in botany. Exactly the same principle 
holds for all specific names within their respective genera. Example: 
Let there be a Rosa Smith. Let some one then name a Rosa /onest. 
Let #. Jonest be considered to be the same species as RX. Smithi. Then 
there can never be a #. Jones?; that is to say, no other species of Rosa 
can be specified as RX. Jonesi. But, of course, if any one discovers, 
after this reduction of Jones? to a synonym of Smuithz, that what had 
been called &. Jonesi is a good species, then /Jonesi revives as the name 
of shat species; and the fact that it had been (erroneously) regarded 
as a synonym of Smithi is no bar to its use in its original sense.” 


GENERAL INDEX. 


» The more important classified entries will be found under the following 
Diseases, Floras, Journals, Personals, Reviews. 


*, Names of synonyms are printed in /fa/ics; names of new species in bold- 


face; + signifies death 


A 


A. A. A. 8. Rochester meeting, 129, 224; botan- 
ical — 276; Botanical club, 285, 291, 
299, 30 . 

Abronia ¢ 349: Suksdorfii, 348. 

Abutilon Avicemnae, 38. 

Academy of Science, Iowa, 63; 
Ohio, 168; Wisconsin, 229. 

Acacia cornigera, (23. 

Acer saccharinum, 182. 

Aciachne pulvinata, 160. 

Acerates, angustifolia, 125; 
12 

Acrasiee, relation to Myxobacteriacez, 392. 

Actza alba, 1; spicata, var. rubra, 1. 

Adaptation to environment, 282. 

Adela, 

#Esculus, 182, 184. 

Agave E 226. 

Agriculture, Department of, 267, 426. 

Ailanthus glandulosus, 182, 183, 185. 

Aira flexuosa, 54. 

Aleurone, permanent mounts, 30. 

Algie, fresh water, 28; phaosporic, 134. 

Alnus viridis, 49, 53 

Althwza rosea, 35. 

Amarantus blitoides, 247; crassipes, 254. 

Amelanchiers, N. Am., 293. 

auinquefoli a, 19, 181. 

Anderson, V., sketch with portrait, 78. 

Anemone Siudie 123; fulgens, 123: narcissi- 
flora, 123; nemorosa, 

Anthoceros Hawaiensis, 219. 

Anthoxanthum, morphology of flowers, 388. 

Anthracnose, secondary spores, 284. 

Apical area 1n seed-plants, 15. 

Apical growth in stems of Tsuga and Pinus, 
141. 

Arborescent flora, revised nomenclature, 283. 

Archegonium in Tsuga and Pinus 141. 

Aichispermz, apical area, 16. 

Arctostaphylos aipina, 52. 

Arenaria Greenlandica, 50, 51. 

Arisaema triphyllum,1,2,development of em- 
bryo-sac, 

Arnica mollis, 49, 52. 

Arnold Arboretum, lectures at, 200. 

Aroideae, revisioea of, 242. 

Asarum, 123; Canadense, 1. 

Asclepiadacez, as insect traps, 292. 

Asclepias auriculata, 125; elata, 192; glau- 
cescens, 192; slenophylia, 124; stenophylla, 
160; Sullivantii, 193. 

Asimina triloba, 182, 183, 

Aspergillus crocatus, 400. 

Asplenium furcatum, 56; Pringlei, 56. 

Aster, development of flower, etc., 353, 406; 
graminifolius, 51. 

Astragalus, investigation of, 29. 

Astrocenters, 87. 

Auxanometer, self-registering, 105. 


Nebraska, 168; 


auriculata, 124, 


123. 


258. 


186. 


| B 


| Bacillus, division of nuclear structure, 
tuberculosus, 99. 

| Bacteria, 24; macaroni for cultures, 134; non- 

| parasitic, 280; of the deep sea and its floor, 


100; 


312 

Bacterium of Phaseolus, 284. 

Bartram’s oak, 125. 

Bazzania, 219. 

Betula glandulosa, 49, 50, 53; papyracea, var. 
minor, 48, 53. 

| Biographical sketch, F. W. 


Anderson, 78; 


C. M. Gottsche, 417; Sereno Watson, 137. 
Biological instruction, 260, 301. 
Biologists, who are? 336. 
Blossoming, relation ‘of fall to spring, 1, 233. 


Boerhaavia 
| 348. 
Botanical authority, 164; club at Berkeley, 
135; dictionary, 337; laboratories of IIls., 
428; sub-section of British Association, 304. 
Botanists, exchange list, 100; live, 383. 
Botany, at Chicago University, 94; 
Forest and Garden, 340. 
Botrychium Virginianum, 


anisophylla, var. paniculata, 


Field, 


apical growth of 
| stem and deve lopment of sporangium,214. 
| Breathing process in plants, intensity of, 231. 
| Bremia Lactucae, 113. 
Buds, protection in tropics, 54; winter, 267. 
Burnt spots on leaves, $9. 
| Burrillia pustulata, 232. 


| Cacalia suaveolens, 250. 
| Ceeoma nitens, 114. 
Calamagrostis Canadensis, 54. 
| | Callirrhoe involucrata, 37, triangulata, 36. 
Calypso, 133. 
Campanula rotundifolia, 52. 


Cardamine bellidifolia, 51; Californica, 135. 


| Carex atrata, var. discolor, 152; wstivalis, 57; 
aquatilisxstricta, 153; bella, 152; canes- 
cens, var. dubia, 150; var. vitilis, 53; 


castanea,57; cephaloidea, 149; chordorhiza, 
149; Davalliana, 57; deflexa, 149; distans, 
149: Douglasii, 150; echinata, 153; flava, 
var. GEderi, 149; Grayii, 58; herbariorum, 
150; hirta, 57; hystricina, var. Dudleyi, 
149; laxiflora, var. divaricata, 149; lentic- 
ularis, 53; marcida, 150; maxima, §7; 
Montanensis, 152; Nebraskensis, 150; 
Nove-Angliz, 149; obesa, var. minor, 
148; pallescens, 57, 149; pilosa, 57; Pring- 
lei, 151; pulla, 53; rigida, var. Bigelovii, 
53; ‘riparia, 57; 53, 149; triceps, 
57; trichocarpa, var. Deweyi, 149; Tucker- 
mani, 148; varia, var. australis, 153; 
virescens, 57; vulgaris, 57;xerantica, 151. 
Carices, anatomy of, 56. 
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Carnivorous plants, new category of, 381. 

Carphoxera ptelearia, the new herbarium 
pest, 283. 

Carringtonia, 220. 

Carya, 182, 183. 

Castanea, 181, 183. 

Cassiope hypnoides, 52. 

Casuarina suberosa, ovular structure, 185. 

Catalpa speciosa, 181, 183. 

Cathartocarpus, 414. 

Caulophyllum thalictroides, 1. 

Ceanothus, 29. 

Cecropia peltata, 122. 

Celastrus scandens, 181. 

Celloidin imbedding, 427. 

Celtis occidentalis, 152. 

Cenchrus tribuloides, spines of, 126. 

Centaurea alpina, pollination of, st. 

Cercospora Apii, 113. 

Cereus, hedge of, 414. 

Characeae, Australasian, 134 

Cheilanthes lendigera, 56; Szovitsii, 56. 

Chimaphila maculata, 1. 

Chinch-bug, disease of, 231. 

Chiogenes hispidula, 52. 

Chondromyces, 399; aurantiacus, 401; serpens, 
403: crocatus, 400; lichenicolus, 402. 

Cinna pendula, 53. 

Circa Lutetiana, 273. 

Cirsium muticum, §2. 

Claytonia Virginica, 174, 176. 

Cleist: of Polygonum, 91; significance 
of, 

verticillaris, 51. 

Climate and plants, 63. 

Climbers in Hawaiian islands, 415. 

Clintonia borealis, 2; pollination of, 21. 

Colchicum autumunale, 3. 

Colesporium senecionis, 147. 

Collenchyma, physiology of, 428. 

Congress, international, 60, 61, 128, 168, 425; 
at Genoa, 341, 426; delegate to, 288. 

Conoscyphus, 220. 

Corallorhiza multiflora, 2. 

Corn, crossing varieties, 134. 

Cornuella lemnae, 232. 

Cornus, 185; florida, 182, 183, 186, 187 
paniculata, 182, 183, 185, 188, 

Corylus, 183. 

Coville, on Panamint Indians’ food, 426. 

Cratzgus, notes on certain species, 295; Crus- 
Galli, 185. 

Cribraria, 204; argillacea, 205. 

Crocus, 240. 

Cronisia, 220. 

Cross-fertilization, 420. 

Cryptomitrium tenerum, 58 

Culture tubes of agar agar, automatic device 
for rolling, 154 

Cybistax, 419. 

Cyclamen, 239. 

Cycloloma platyphyllum, 248. 

Cylindrocladium, scoparium, ror. 

Cypripedium parviflorum, I, 2. 

Cystobacter, 399 


D 


Daucus Carota, 328. 
Dawsonia superba, 120 
Desmodium, 166; Illinoense, 249 


Dianthera Americana, 66. 
Diapensia Lapponica, 49. 
Dichodontium olympicum, 296 
Dicotyledons, apical area in, 16. 
Dicrana, orthocarpous, 230 


E {riogonum ingtel, 


Diospyros Virginiana, 181, 183, 184, 186, 187, 

Directive spheres, 87. 

Diseases, chinch-bug, 231; experiment sta- 
tion in Florida, 428; fungous, 101; grapes, 
63; Phaseolus, 284; potatoes, 387; sorghum, 
229; tomatoes, 427. 

Dissemination, peculiar case of, 321. 

Doassansia, 232. 

Douliot, H., +, 426. 

Duvalia tenera, 58. 


E 


Electricity, effects on growth, 158. 

Electro-horticulture, 388. 

Eleocharis acicularis, 252; capitata, 251; inter- 
media, 252; olivacea, 251. 

Elymus, 221 

Embryo-sac of Aster and Solidago, develop- 
ment of, 353, 406; of Arisaema triphyllum, 
256; homologies of, 104. 

Empetrum nigrum, 50, 51, 53. 

Encalypta lacera, 296. 

Endocarpon miniatum, 418. 

Entosthodon Bolanderi, systematic position 
of, 380. 

Epigi ea repens, 1, 250, 294. 

Epilobium alpinum. 51. 

Eragrostis major, 

Erigenia bulbosa, 


; Texanum, 350. 
Martii, 114 


| Erythronium albidum, 69, 176, 326; America- 


num, 326; mesochoreum, 100, 326. 
Espeletia, 159 
Euonymus atropurpureus, 181, 182, 185. 
Euphorbia Nealleyi, 351; Vasey?, 351. 
Exoascus deformans, 115; Pruni, 115. 
Expediency, plea of, 
Evolution, a study in 279: in methods of polli- 

nation, 72. 


Fagus ferruginea, 183, 184. 

Fall flowering plants, I, 235. 

Fecundation, p!ants and animals, 229. 

Ferment of pollen, tor. 

Ferns, ri Hi awalian islands, 416; near Roches- 
ter, variation of native, 283; vitality of, 
55. 

Fertilization of pear flowers, 281. 

Fir, structure and quality of wood, 229. 

Floras, Africa, 63; Arizona, 163; Chicago and 
ae 246; Dakota group, 331; Death 

Vailey, 275; France, 236; Hawaiian islands, 

411; hepatic (boreal and sub-boreal re- 
gions), 305; Italy, 234; Liberia, 292; Sierra 
Nevada, 253; Washington (D. C.) 227. 

Flowers, development of in Aster and Solida- 
gO, 353, 406; and insects, 66, 173, 269, 282, 
$20 

Fontinalis, synoptical table of species, 31 

Fossil flora of N. America, 332. 

Fragaria Virginiana, 2. 

Fraxinus, 181, 182, 183. 

Freycinetia, 416. 

Fritillaria linearis, 352. 

Freelichia Texana, 350. 

Fruits of Hawaiian islands, 414. 

Fungi, common to wild and cultivated plants, 

13: handbook of Australian, 200; morph- 

ology of, 101. 
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Gases in massive organs 156. 

Gaura biennis, 273, 421; parviflora, 421. 
Gaylussacia resinosa, 

Germination, and fungicides, 280; to facilitate, 

278; studies upon, 122. 

Gleditschia triacanthos, 184, 191. 

Gomphrena Nealley g; Pringlei, 349. 

Gnaphalium supinum, 52. 

Godmannia, 419. 

Goodyera pubescens, 2. 

Gottsche, (. M., t and biography, 417 

Grape, self-pollination, 282. 


Grasses, anatomy of, 121, 358; depauperate, 
194; relative length of dcnthe and inter- 
nodes, 277. 

Grimmia Hendersoni, 296. 

Grindelia squarrosa, 426. 

Gymnocladus Canadensis, 182, 183, 186. 


Gymnogramme chrysophylla, sections of pro- 
thall ium, 231! 
Gymnosperms, apical area in, 16. 


Gymnosporanglum, 117 

Habenaria, orbiculata, 2; viridis, var. brac- 
teata, 2. 

Hamamelis Virginiana, 3, 182, 184. 187. 


Hawaiian islands, flora, 411. 
Hedera Helix. 3. 
Hedyotis nitida, 
Helianthus, 247. 
Hepatice, African, 219; American, 29, 
Amazon and Andes, 171; Asia, a8, 309; 
Australia, 219; Europe, 309; Sandwich 
Islands, 219; of boreal and sub-boreal re- 
gions, 305; recent systematic work, 218; 
descriptions by Stephani, 267 
Hepatica acutiloba, 1; angulosa, 123, triloba, 123 
Herbarium, 133; British 
28; Harvard University, 101; Indiana Uni- 
ve sity, 29; Lindberg, 28; University of 
Minnesota, 100, 166; a new pest of, 99. 
Heredity of acquired characters, 278. 
Heterodermez, 204. 
Heuchera Hapemani, 348, 421; 
Hibiscus rosa-sinensis, 414. 
Hierochloa alpina, 54. 
Hibiscus militaris, 39. 
Houstonia purpurea, var. calycosa, 275. 
Hydrangea arborescens, 269. 
Hyphomycetes, two new genera, 190. 
Hypoxys erecta, 69. 
I 
Imbedding, 427. 
Insects and flowers, 66, 173, 269, 282, 420. 
Ipomoea bona-nox, 416; pes-caprae, 415. 
Isoetes Pringlei, 56. 
Isopyrum biternatum, 
Ivy. European, 3. 


Jamesonia nivea, 159. 
Journals: Acta P etropolitani, 
tural Science, 64: 


160. 


» 309; 


hispida, 178. 


173, 176. 


387; 


Agricul- 
American Journal of 
Science, 28; Annales des Sciences Natur- 
ellee, 15; Annals of Botany, 232; Biologi- 
sches Centralblatt, 21; Bulletin du Minis- 
tere de l’Agriculture, 31; Forstlich-natur- 
wissenschaftliche Zeitschrift, 29, 102; Gre- 
villea, 23; Journal de Botanique, 387: 
Journal of Botany, 38, 388; Journal of 
Mycology, 168; 


Revue Bryologique, 31. 


Museum, 


Juglandacez, 188. 
Jugians, 182, 183, 186. 


| Juncus trifidus, 53. 


| Lejeunea auriculata, 1 


Jungermania hamatifolia, var. echinata, 171. 
Jurinea mollis, pollination of, 21. 


Kalmia angustifolia, 52; glauca, 52. 
Kataadn, flora of Mt., 46 


Kew Gardens, 63, 167. 


L 


Labiatz, of Otto Kuntze, 100; pericarp of, 133. 

Laboratory, Hopkins’ Seaside, 231; Illinois, 
428; Wood’s Holl, 166. 

Lantana, 4i5. 

Leersia, 358; oryzoides, 339. 

Leguminose of Hawaiian islands, 413. 

37 Austini, 171, 

171; Cardoti, 
171, 172; Caroliniana, 171, 173; catenulata, 
171; Clypeata, 170, 171; cucullata, 171; 
170; echinata, 171; inconspicua, 

Jooriana, 171; lete- fusca, 172; longi- 

Kenn 170; lucens, 171, 172; minutissima, 
171; Mohrii 171; parvula, 172; polyphylla, 
170; Ravenelii, 172; serpyllifolia, 171; tes- 
tudinea, 170; trifaria, 170, 171, 172; ulicina, 
171; Underwoodii, 171, 172; Wrightii, 
170, 172; xanthocarpa, 171, 172. 

Leskea obtusa, 296. 

Lespedeza, 276. 

Leucojum, 241. 

Liceaceae, 204 

Lichens, edible, 418; of Kuntze’s Rev. 

200, 

Linaria, 29; Reverchoni, 64. 

Lindbladia, 201; effusa, var. simplex, 202. 

Lindera Benzoin, 183, 186. 

Linnaea borealis, 51. 

Liriodendron Tulipifera, 183, 184. 

Listera cordata, 53. 

Lobelia Kalmii, 52 

Loiseleuria procumbens, 53. 

Lotus corniculatus, 229. 

Lychnis diurna, 27. 

Lycopodium annotinum, 
Selago, 54. 

Lysipomia, 160. 

Lythrum alatum, 179. 

Ludwigia alternifolia, 271; polycarpa, 272. 

Luzula parviflora, 53; spicata, 53. 


M 


185. 


173; bullata, 172; 


Gen. 


var. pungens, 54; 


Maclura aurantiaca, 
Maize, notes on, 277. 
Malope trifida, 34. 
Malvacez, seed-coats of, 33. 
Malva sylvestris, 36. 
Malvastrum angustum, 37; coccineum, 37. 
Marchantia, 60; fenera, 58 

Martynia proboscidea, (6. 

Mastigopelma, 220. 

Medicago sativa, 246. 

Menispermum Canadense, 182. 

Metaphyta, suggestions on classification, 108. 
Metaspermae, embryo-sac of, 161. 

Metzgeria, 220. 

Micrococcus fulvus, 404. 

Mikania scandens, root-system of, 276. 
Mistleto, a case of symbiosis, 135. 

Mitella diphylla, 1. 

Mediola multifida, 38. 
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Mollugo verticillata, 274, 420. 

Moneses uuiflora, 53. | 

Monilia candida, 9. | 

Monocotyledons, apical area in, 16. { 

Morus rubra, 181, 184, 186. | 

Mosses, Kansas, 81; new N. Am. species, 296; 
Nomenclator bryologicus, 267; N. Am., 29; 
Pennsylvania, 132; stem and leaf, 118. 

Movement, 136; effect of mechanical upon 
lower organisms, 8. 

Munich Botanical Institute, 303. 

Musa Cavendishii and sapientum, 414. 

Mycoderma Humiuli, 135; rubrum, 135 

Myxobacter aureus, 403; simplex, 405. 

Myxobacteriaceae, 359. 

Myxvococcus 4043 Tubescens, 
103; Virese« 404. 

Myxomiycetes, re lation to Myxobacteriacez, 
392 


N 


Nabalus Boottii, 52; nanus, 52 


Narcissus, 240. 
Nardosmia palmata, 51 
Nasturtium sylvestre 
Negundo aceroides, 15 
Nomenclature, 169, 199, 267, 287, 297, 304, 428. 
Nuclear mechanics, 87. 

Nyssa multiflora, 182 


O 


Oakesia, sessilifolia, pollination of, 21 
(£nothera biennis, 421; fruticosa, 272, 421. 
Oidium albicans, 10 

Orange blight, investigation of, 42 
Orchis dilatata, 53; spectabilis, 2, 163. 
Oreodoxa regia, 413 

Oscillariew, monograph of, 427 

Ostrya Virginica, 157 

Oxalis rubella, 123; stricta, 427. 


P 


Palms of Hawaiian islands, 413. 

Panicum sanguinale, 194. 

Paraguay, flora of, 291. 

Paramos of Venezuela, vegetation of, 15 

Parmelia molliuscula, 226. 

Passiflora caerulea, tendrils of, 205. 

Peach yellows, value of wood ashes on, 2 

Perichaena ca¢. — 202. 

Peronospora effusa, 113; parasitica, 114. 

Personals: Amm, 229; Anderson, 133 Apgi ar, 
300; Arthur, 230; Ascherson, 267, 426; At- 
kinson, 302; Atwell, 337; Bailey (L. HL), 
28, 266; Bailey (W. W.), 29; Barnes. 29, 2 
Batalin, 266; Baumann, 30; Bennett, 29; 
Bessey, 258, 303; Bolley, 100; Britton, 335; 
Briquet, 100; Burgess, 200; Calkins, 166, 
302; Call Campbell, 228; Cooke, 133, 
200: Cook Coulter (J. M.), 29, 132; 


9. 


Coulter (S.), 228; Coville, 303; Cox, ror: 


Curtiss, 338; Ebermayer, 30; Endlicher 
133; Evans (A. W.), 228; Evans (W. H.), 
166, 337: Dewart, 132; 
Douliot, +, 426; Fairchild, 303; Farlow, 97: 
Farmer, 386; Fernald, 30; Fisher, 


Frear, 64; Fry, 100; Gilbert, 95; Goebel, 
303; Goodale, 97, 102, 228; Gottsche, t¢, 417: 
Haake, 386; Halsted, 136; Hansgirg, $26; | 
Hartig, 30; Heller, 167; Hitchcock, 28: 


Holm, 227, 266; Humphrey, 101, 338, 386; 
Kellermann, 100; Kelsey, 386; Knerr, 100; 
Krasser, 30; Kunth, 30; Lagerheim, 1:35; 
Leiberg, 30; McBride, 99, 225; McCarthy, 
31; MacDougal, 167, 426; Macoun, 230; 
Massee, 96; Moore, 102; Mueller & 
Nordstedt, 134; Ortloff, 28; Pammel, 63, 
337, 335; Pauly, 30; Porter, 166; Raatz, 231 
Robertson, 98; Robinson (B. 303; 
Rolfs, 28; Russell, 337; Sandberg, 167; 
Shannon, 230; Seaton, 29, 302; Sheldon, 
29; Schottlaender, 2 Schribaux, 31, 
Seeley, 63; Setchell, 166; Smith (E. F.), 
98; Taylor, 99; Ten Eyck, 230; Todaro: 
Trelease, 225; True, 230; Tubeuf, 
29; Underwood , 341; Vasey, 
2; Von Wettstein, 100; Ward 
4; Watson, 99, 166; ; Wittrock, 
4; Willis imson, 99; W inslow, 227; Wright, 
Zahlbruckner, 200. 

Peziza semitosta, 192 

Phenology, 28. 

Phiiadelphus grandiflorus, 270. 

Phryma Leptostachya, 63. 

Phycomyces nitens, 1538. 

Phyllactis, 16 
Phyllodoce tz axifol ia 
P hys: ilis Sp., 
Physiologica! be tany, apparatus needed, 98 
Phytol decand 5 

Picro-eosin, 30 

Pinus sylvestris archegonium and _ apical 
growth of stem, 141; development of ovule, 
141 

Plasmodiophora Brassice, 114. 
Plasmopara viticola, 115. 
Plectocolea, 220 

Pleospora of Tropceolum majus, 
Plowrightia morbosa, 115 

Poa laxa, 54 
Podosphaera tridactyla, 116. 
Poinciana regia, 
Poinsettia puicherrim: a, nectar of, 192. 


| Pollen of Pinus sylvestris, chemical composi- 


tion, 267. 
Pollen-tube of Gymnosperms, 18. 
Pollination, 73, 420; evolution in methods, 40, 
72; notes on, 19; of Orchis spectabilis, 


163; of Solidago squarrosa, 22. 
Polycephalum, 399; aurantiacum, 401. 
Polyg: ala sp., 95. 
Polygonatum biflorum, 


| Polygonum cle istogamy of, 91; persicarioides, 


295; Viviparum, 55. 

olyotus angustifolinus, 125. 

Polypodium lanceolatum, 56; Plumula, 56; 
vulgare, var., 29 

Polypor us applanatus, 381. 

Polytrichum juniperinum, 119. 

Pond-lilies, pink and yellow, 229. 

Popular names of American ee 363. 

Potatoes, method of preserving, 31; produc- 
tion of, 230 

Primavera, 419. 

Prizes, Am. Micr. Soc., 340. 

Prosopis juliflora, 413. 

Prunus sp., cultivated, 264; fungi of, 115 

Psamma, 220, 221 

Psammophilous flora of Denmark, 220. 

Ptelea trifoliata, 18:1, 183, 187. 

Pterocarya, 152; Caucasica, 186. 


| Puccinia coronata, 136; graminis, 136; hetero- 


gena, 147; Pruni, 115 
Pulsatilla pratensis, 123; vulgaris, 12 
Pyrola elliptica, 1; secunda, 1. 
Pyrus coronaria, 60; Ioensis, 60. 
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~ 


Quercus, 183, 387; imbricaria, 126, 251; var. 
heterophylla, 126; heterophylla, 1, 126; 
Muhlenbergii, 250. 


R 


Ranunculaceae, study of roots, 251. 
Ranunculus repens, relation to other species, 


Raven Madagascariensis, 414. 
Ravenelia cassixcola, germination of teleu- 
tospores, 
Researches, anatomical and 
1§, 55, 115, 157; 
tional, 218. 
Respiration, intermolecular, 229. 
Reviews: Apgar: Trees of the N. U. 
Arnell; Liverworts of N. 
Bailey: Bull. 37 of Cornell p. 
Bull. 38, 264; Beal @ Wheeler: 
Flora, 300 SSey: 
exercises, 264, Bull. Agric. Exp. Sta., 24; 
Britton: Contrib. Columb. Coll., 132, Sci 
pus and Rhynchospora of N. Am., 335; 
Campbell: Development of prothallium 
and embryo-sac of Marsilia vestita, 228; 
Cardot: Monograph of Fontinalace, 
262; Coulter (S.): Forest trees of Indiana, 
228; Coville: Report of the Death Valley 
expedition, 199; Craig: Weeds of Oregon, 
264; Crozier: Hort. Soc. of Mich. for 1891, 
265; Ellis Everhart: Pyrenomycetous 
fungi, 196; Evans: Two papers on Hepa- 
tice, 228; Frenkel: Text-book of bacteri- 
ology, 195; Fernald: Portland Catalogue, 
228; Green: Flora Franciscana, 98, 167 
Pittonia, 299; Hart; Rept. Roy. Bot. 
dens at Trinidad, 199; Hough: 
of Forestry, 130, Thin wood-sections, 130; 
Knowlton: How to preserve plants, 25; 
Kuntze: Revisio Generum Plantarum, 62, 
95; Lemmon: Hand-book of West Amer. 
cone-bearers, 266; Ludwig: 
togams, 299; McBride: Myxomycetes of 
E. Iowa, 225; MacMillan: Minnesota 
Catalogue, 334, Methods of botanical in- 
struction, 198; Macoun;: Canadian mos- 
ses, 354; .Wassee: Plant world, 96; Mer- 
Plants of Pribilof Islands, 266; 
Outline Lessons in ry 197; 
"amme/l: Pollination of flowers, Peck: 
Report of the N. Y. Botanist, = Univ. 
of Pennsylvania: Contributions from Bot. 
L ab’y 424; Pierce: California vine-disease, 
425; Robinson: Trees of Salem, 98; Rus- 
sell; Untersuchungen uebet in Golf von 
Neapel lebende Bacterien, 24; Saccardo: 
Sylloge fungorum, 331; Scrtjner: Grasses 
of Tenn., 265; Smith: Peach yellows and 
rosette, 98; 1st Rept. Univ. of Kan., 
231; Thaxter: N. Am. Laboulbeniacez, 
Trelease: Rept. of Mo. Bot. Garden, 
, Yuceas, 335; Vasey: Manual of gras- 


physiological, 
systematic and distribu- 


Michig: an 
ementary botanical 


2 
2 
s 


ses 

of Pacific Slope, 423; Ward: The Oak, 
131; Webber: Appendix to Flora of Neb., 
132, 228; Wheelock: The genus Polygala. 
98; Winslow: Principles of Agriculture, 
227; Contributions from Nat. Herba- 
rium; 385. 

Rhododendron Lapponicum, 53. 

Rhus aromatica, 181, 182, 186, 188; glabra, 
181, 183, 187, 188; Toxicodendron, 182, 188. 

Ribes Cynosbati, 185; gracile, 270 


Gar- ! 
Elements | 


Lower cryp- | 


129, Grasses of the S. W., 98, Grasses | 


Riccia, 59. 

Ricinella Vaseyi, 351. 

Robinia Pseudacacia, 182, 184. 

Reestelia, 117. 

Root-pressure, apparatus for determining 
periodicity, 212. 

Rosa blanda, 250; Carolina, 250; Engelmanni, 
250; setigera, 249. 

Roumeguere, M. Casimir, +, 200. 

Rubus sp., 101. 

Rumex, 26. 


Faccharomyces mycoderma, 10. 

Salix argyrocarpa, 53; Cutleri, 49; herbacea, 
49, 53. 

Salsola Kali, 248. 

Sambucus Canadensis, 182, 18 

Sauguinaria Canadensis, 175. 

Sassafras officinale, 183, 185. 

Saxifraga stellaris, vz comosa, 51. 

Scheuchzeria palustris, 5 

Schizomycetes, a new of, 389. 

Scirpus cvespitosus, 5 

Scleropus amarantotdes, 254. 

Scolopendrium nigripes, 56. 

Beeds of weeds, 427 

Selaginella lepidophylla, 56. 

Serratula centauroides and lycopifolia, polli- 
nation of, 21 

Setaria viridis, 194. 

Shade trees, maltreatment of, 97 

Shaw Garden banquet, 200, 

Sicyos angulata, 30. 

Sida Napaea, 37. 

Sisyrinchium Thurowi, 352. 

Smilax hispida, 183. 

Smilacina racemosa, 

Solanum rostratum, 

Solidago, and Aster, developmental embryo- 
sac, 353, 406; thyrsoidea, 51; Virga-aurea, 
var. alpina, 51. 

Soils, influence of elevation and temperature, 
221. 

Spheerella Fragariz, 114. 

Spheeria Hibisci, 401. 

Spaerocreas pubescens, 402. 

Sphaerotheca Mors-Uvae, 114. 

Sphagnum, 28; N. Am. species, 426. 

Spiraea opulifolia, 181, 182, 185. 

Spring flowering plants, 1, 235. 

Sternbergia, 241. 

| Stigmatella, 399; 
402. 

Stilbum rhytidospora, 401, 

Stolons of grasses, anatomy of, 121. 

Strawberry leaf, variations of, 257, 336. 

Sullivantia Hapemani, 421; Ohionis, 421; 
Oregana, 421. 

Symbiosis, in mistletoe, 735 

Synchitrium Vaccinii, 114. 

Synthespora, 192; electa, 192. 


5, 186, 274 


aurantiaca, 401; pubescens, 


T 


Tabebuia Donnell-Smithii, 412. 
Tannin, detection of, 103. 

Taxus baccata, 18. 

Termites cultivating fungi, 282. 
Tertiary flora, 166. 

Thalictrum dioicum, 1. 

Tilia, 183; Americana, 183, 184. 
Tomato, blight, treatment of, 133, 427. 
Tracheids of 231. 
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Tradescantia Virginica, 71. 

Transpiration, apparatus for registering, 229. 

Trees, identification in winter, 180; of Ne- 
braska, 24. 

Tricholoma, revision of, 23. 

Trichomanes pusillum, 416. 

Trifolium hybridum, 246; pratense, 177. 

Trillium erythocarpum, 2; spp., pollination 
of, 2. 

Triticum, 221. 

Tsuga Cadensis, archegonium and _ apical 
growth of the stem, 141. 

Tubulina, 204. 


U 


Ulmus fulva, 182, 184. 
Ulota Americana, 200. 
University Extension, 101, 132. 


Universities: Brown, 387; Harvard, ; Indi- 
ana, I, 29, 63; 232, iscon- 
sin, 167. 

Uredineae, new species in Hedwigia, 339: of 
Ohio, 427. 


Uromyces appendiculatus, 113. 

Ustilago antherarum, effect of parasitism, 17; 
violacea, 17. 

Uvularia perfoliata, pollination of, 21. 


V 
Vaccinium caespitosum, 49, 51, 52; Pennsyl- 
vanicum,i; var augustifolium, 52; uligin- 
osum, 49, 52; Vitis-Idaea, 49, 51, 52. 
Verbena hastata, 67 stricta, 67; urticaefolia, 68. 
Viburnum molle, 188. 
Vitis sp., with fungi, 115 


W 
| Waldsteinia fragarioides, 1. 
Watson, Sereno, sketch and publications, 137 
Weeds, at Columbian Exposition, 136; Cali- 
fornian seeds, 100; seeds, Halsted’s, 427. 
Weingaertneria, 220. 
Wheat, source of rust infection, 100; spikes 
| bearing abnormal spikelets, 277. 
Wood, silicified, shrinkage as observed 
under the mic roscope, 284. 
World's Fair, plans of Botanical Congress, 22. 


X 


Xanthoxylum Americana, 184. 


Y 
Yeast, ascosporous form of, 92. 
| Yellow pitch pine, 280. 
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